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ABSTRACT  
 
 Water quality has been an issue of concern since the settlement of man and 
continues to be of great concern today in many locations around the world.  In the 
United States, to address the issues of water pollution, the U.S. Congress passed the 
Clean Water Act (CWA) in 1972.  This study examines the implementation and 
prioritization of impaired water bodies listed on the Illinois CWA section 303(d) list 
between 1992 and 2004. 
 This study used the Delphi survey method to obtain opinions from water 
quality/management experts that reside in the state of Illinois.  The goal of this study 
was to determine if a consensus could be reached amongst water quality experts on the 
severity of individual water pollutants for a given designated use of a water body by 
assigning weights, determining if any prioritization trends exist within the current Illinois 
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303(d) process, as well as identifying any shortcomings of the process and suggesting 
possible modes of improvement.    
The survey identified four major shortcomings of Illinois’ current approach to 
water quality management: 1) limited funding and manpower, 2) lack of 
coordination/monitoring, 3) failure to regulate point sources, and 4) lack of biological 
monitoring.  The survey respondents indicated that the entire state needs attention in 
terms of water quality improvement and that agriculture and urban runoff are the most 
important sources of water pollution and water body impairment.  They rated the 
current prioritization system as being between “average” and “good” and identified that 
development of a weighting scheme could be feasible as long as it received adequate 
funding and adequate stakeholder support.  The measure of consensus among 
respondents regarding weights for individual pollutants and designated uses varied 
significantly; however, the overwhelming majority of consensus values improved after 
participants were asked to revise their original responses in an effort to move towards 
central tendency in the distribution of assigned ranks.   
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CHAPTER 1 
BACKGROUND AND STUDY PURPOSE 
 
1.1 INTRODUCTION 
Water quality has been an issue of concern since the settlement of man and is a 
growing concern as Earth becomes more developed and human population continues to 
propagate.   In 1972 the United States Congress passed the Federal Water Pollution 
Control Act Amendments (commonly known as the Clean Water Act (CWA)).  Under 
section 305(b) of the CWA each state, tribe, territory, or interstate commission is 
required to report to the U.S. Environmental Protection Agency (USEPA) on the quality 
of their surface and groundwater on a biennial basis (IEPA 2008; Norton et al. 2009; 
Freedman et al. 2004).  Water bodies not meeting the Water Quality Standards (WQS) 
that are set by the individual states, tribes, or territories (which entities will collectively 
be referred to as states) are placed on the USEPA CWA 303(d) list of impaired waters. 
Once on the list states must prioritize and impose total maximum daily loads (TMDL) of 
identified pollutants for each impaired water body. 
 
1.2 RESEARCH GOALS & SIGNIFICANCE 
The quality of our nation’s waters has profound environmental, social, and 
economic implications.  Not only is unpolluted water vital to sustain life, it also caries 
great recreational and aesthetic values.  Preserving and mitigating degradation of our 
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nation’s waters is not just a fiscal investment, but contributes to intragenerational 
equity.  If we as a nation are going to invest the time and money into restoring and 
maintaining integrity of our nation’s waters through the use of TMDLs it is important 
that the time and money is being used as efficiently and effectively as possible.  In 
Illinois, we have only assessed water quality in a fraction of the total waters (Table 1.1) 
so by determining trends, gaining data, and knowledge in the early stages of the 303(d) 
listing and TMDL process we can more efficiently implement them in the future. 
Table 1.1 Percent of Illinois Stream Miles Assessed as Good, Fair, and Poor in 2008 
Designated 
Use 
Miles 
Assessed 
Percent 
Assessed 
Percent 
Fully 
Supporting 
(Good) 
Percent 
Not 
Supporting 
(Fair) 
Percent 
Not 
Supporting 
(Poor) 
Percent 
Not 
Assessed 
Aquatic Life 15,314 21.5 61.1 34.8 4.1 78.5 
Fish 
Consumption 
3,827 5.4 0.0 91.9 8.1 94.6 
Indigenous 
Aquatic Life 
85 100.0 38.2 55.1 6.7 0.0 
Primary 
Contact 
3,915 5.5 18.9 36.2 44.9 94.5 
Public & 
Food 
Processing 
Water Supply 
1,108 100.0 9.0 91.0 0.0 0.0 
Secondary 
Contact 
740 1.0 100.0 ------- ------- 99.0 
Aesthetic 
Quality 
0 0.0 ------- ------- ------- 100.0 
Table assimilated from USEPA 2008 303(d) final draft 
 
In recent years the 303(d) portion of the CWA has come under scrutiny by state 
agencies, private firms, and local citizens.  Most states lack the resources (mainly man 
power and money) to perform an adequate TMDL analysis which can involve complex 
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assessments of point and nonpoint sources as well as mathematical modeling.  These 
factors have resulted in limited implementation of the provisions to the CWA enacted 
by Congress in 1972 (Copeland, 2006).  According to the 2006 Congressional Research 
Service report to Congress on implementing the CWA, the average annual costs to 
states and the USEPA for developing TMDLs could be $63-$69 million, while 
implementation costs for controlling pollution sources could be between $900 million 
and $4.3 billion per year (Copeland, 2006).  In 2006 the Illinois Environmental Protection 
Agency’s (IEPA) Bureau of Water spent over $30 million on water pollution control 
programs (IEPA, 2008). 
Since the focus of the CWA has shifted away from controlling point source 
pollution through National Pollution Discharge Elimination (NPDES) permits towards 
regulating non-point source pollutants through CWA 303(d) and TMDLs, the latter have 
been the driving force behind current U.S. water quality policy (Muñoz-Carpena et al. 
2006).  While this research focuses on Illinois, the spatial distribution of impaired waters 
covers virtually the entire United States. 
Currently, there appears to be very little literature assessing the trends and 
prioritization of 303(d) waters nationwide.  While articles like Richards (2004), 
Freedman et al. (2008), and Freedman et al. (2004) evaluate the implementation of 
TMDLs they do it from an economic standpoint rather than one of environmental 
management concern.  The vast majority of prior research on TMDLs was conducted on 
modeling, economics, and sources/causes of impairment.  While all of these topics are 
important this research aims to bridge the gap of knowledge that exists between the 
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modeling and implementation stages by assessing the CWA 303(d)/TMDL prioritization 
process. 
As one respondent stated, one of the main problems with the current 
303(d)/TMDL process is that there is a failure to communicate between the USEPA and 
local watershed managers as well as between individual impairment sites.  While the 
USEPA guidelines state that priority should progressively decrease from public safety to 
protecting aquatic life and recreational areas as well as identifying the severity of a 
pollutant, there is little evidence showing that this process is actually being performed.  
Since TMDLs are implemented on a site-by-site basis and revisiting and monitoring sites 
after implementation is not required there is little data on trends in water quality 
parameters or indices that might exist in the implementation process. 
The purposes cited for using water quality indices (WQI) by current and past 
users include public information, analysis of water quality trends, and preparation for 
CWA Section 305(b) reports to Congress.  Ott’s (1978) literature review of 
environmental indices identifies their six basic uses: 
1. Resource Allocation: Indices may be applied to environmental decisions to assist 
managers in allocating funds and determining priority. 
2. Ranking of Locations: Indices may be applied to assist in comparing 
environmental conditions. 
3. Enforcement of Standards: Indices may be applied to specific locations to 
determine the extent to which WQS are not being met 
4. Trend Analysis: Indices may be applied to different environmental data at 
different points in time to determine changes in environmental quality. 
5 
 
5. Public Information: May be used to inform the public about environmental 
conditions. 
6. Scientific Research: Indices may be applied as a means for reducing a large 
quantity of data and inform the researcher on environmental phenomena.  
 
The purpose of this research was to analyze 1992-2004 CWA 303(d) water 
quality impairment data for Illinois and determine if trends exist in the prioritization, 
implementation, and ultimately the process of delisting the impaired water bodies.  
How do spatial parameters such as landuse/landcover or population density influence 
the number of water body impairments and their prioritization ranking?  Are there any 
shortcomings of Illinois’ current approach to water quality protection? Is there a 
potential for possible modes of improvement?  Finally, the study attempts to determine 
if a consensus can be reached among water quality experts and managers on developing 
a rating system for specific causes of impairment to prioritize impaired waters within 
the state.   
 
1.3 ILLINOIS CWA SECTION 303(d) PROCESS 
1.3.1 CWA SECTION 303(d) PRIORITIZATION 
The 2005 USEPA Integrated Report now requires that all states categorize 
surface waters into one of five mutually exclusive categories.  
Category 1: Water bodies or segments that support all designated uses and are not 
threatened. 
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Category 2: Water bodies or segments that fail to support some designated uses but 
not all. 
Category 3: When there is insufficient data to decide whether a water body meets 
its intended use. 
Category 4: When a water body or segment has at least one impairment, but a TMDL 
is not required due to other policies, technology limitations, or a state 
can prove that the non-point source pollution is not anthropogenic. 
Category 5: Dictates the need for a TMDL if at least one designated use is not meet 
based on scientific data and information. 
 
The CWA dictates that each pollutant contributing to the impairment of a water 
body has a TMDL assigned to it.  The TMDL determines the quantity of pollution that can 
be introduced to a given water body without impairing its natural cycles.  The pollutant 
loadings are established for water bodies receiving either point source or non-point 
source pollution or a combination of both.  The specified load for a given water body 
needs to consider temporal variations that can alter the distribution and quantity of a 
pollutant.  As of 2006 the USEPA estimates that there are over 38,800 impaired water 
bodies in the United States or roughly 775 sites per state. 
The USEPA creates implementation plans that set limits on point source 
pollution (NPDES) and recommends best management practices (BMPs) for watersheds 
with non-point source pollution.  While the USEPA creates a recommended 
implementation plan the agency leaves it up to the state to categorize and prioritize the 
environmental, social, and economic impacts of each TMDL site.  Prioritizing CWA 
303(d) impaired waters uses a two step process.  Under step one; high priority is given 
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to watersheds that pose public health or food and water supply threats.  Medium 
priority is given to watersheds that are not supporting aquatic life, fish consumption, or 
direct contact recreation use for at least one water body.  Low priority is given to those 
watersheds not supporting aesthetic values.  The second step prioritizes impairments 
based on the severity of the pollution and its potential for improvement.  The IEPA 
accomplishes this by summing up the total causes (cause/pollutant indicates any water 
body impairment (chemical, physical, or biological) that results in its listing on the CWA 
303(d) list) of impairment per watershed and assigning the greatest priority to the 
highest cause count and progressively decreasing priority with decreasing cause count.  
Both of these steps are conducted on a site-by-site basis using professional judgment 
from the individual(s) in charge of the given impairment or watershed.    
1.3.2 CWA SECTION 303(d) LISTING  
 As stated in the previous sections the USEPA is responsible for developing rules 
and regulations associated with CWA 303(d) while the state and local agencies are 
responsible for implementing those regulations.  Placing the burden of implementing 
these environmental regulations on the states has lead to significant shortcomings and 
setbacks facing the implementation and development of TMDLs.  From an economics 
standpoint, states lack the resources (money and labor) to properly assess impaired 
waters and there are important issues of inconsistencies in methodology amongst 
different states (Copeland, 2006; Keller & Cavallaro, 2008).  While state guidelines are 
better able to address local issues such as: variations in climate, landuse, and water 
quality objectives it leads to inconsistencies across state boundaries as well as within 
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states.  Since many of our state boundaries are created by water bodies or have water 
bodies crossing them, not having a standard methodology for water quality data 
collection, interpretation, and determination of impairment has lead states to list some 
water bodies and develop TMDLs unnecessarily while ignoring others.  TMDLs have 
been developed for water bodies in which outdated data were not reassessed or water 
bodies that are expected to attain water quality standards (WQS) through other 
programs, thus not requiring a TMDL.  Such was the case with Browne Lake in Utah 
which developed a TMDL for dissolved oxygen (DO) while analysis showed it was within 
attainment at the time of TMDL development (Keller & Cavallaro, 2008). 
 To try and mitigate the uncertainties associated with CWA 303(d) the USEPA has 
created a profuse amount of guidance documents.  These documents are generally 
released cyclically (every even year) in conjunction with the 303(d) list.  The aim of these 
papers is to further explain the 303(d) program requirements but they do not provide 
the states with specific methodology.  Two of the more recent documents are the 
Consolidated Assessment and Listing Methodology (CALM) and the 2006 Integrated 
Report Guidance (IRG) (USEPA, 2006a; USEPA, 2006b).  CALM requires states to 
establish a consistent process for listing and delisting water bodies by addressing three 
aspects of the process: 
1. Addresses issues of WQS attainment decisions and identification of impaired 
waters as well as defines quality requirements and how to utilize and interpret 
data.  
2. Provide information on designing a comprehensive monitoring program to 
assess waters in relation to WQS. 
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3. Addresses how to document and communicate findings and the basis of 
attainment/impairment decisions. 
 
The IRG aims to simplify the submission process for impaired water bodies to the USEPA 
by combining CWA 303(d), 305(b), and 314 reports into one document (USEPA, 2006b). 
1.3.3 CWA SECTION 303(d) DELISTING 
 The purpose of establishing TMDLs for a water body is to attain one or more 
ambient water quality standards (WQS) for its designated use and its ultimate removal 
from the 303(d) list.  As with the listing process the delisting process is fraught with 
problems as a result of limited and unclear guidance by the USEPA.  For this reason 
many states have refrained from delisting water bodies.  To remove a water body from 
the list a state must use the same methodology used to list it or one consistent with 
state WQS and approved by the USEPA (Keller & Cavallaro, 2008).  The IEPA delists 
water bodies if all the designated uses are assessed as fully supporting, and may change 
the cause of impairment when reassessed (IL 303(d), 2008).   The 2008 Illinois Integrated 
Water Quality Report and Section 303(d) List identifies nine parameters based off the 
IRG for delisting water bodies in the state: 
1. The assessment and interpretation of more recent or more accurate data in the 
record demonstrate that the applicable WQS(s) are being met. 
2. The results of more sophisticated water quality modeling demonstrate that the 
applicable WQS(s) are being met. 
3. Flaws in the original analysis of data and information led to the segment being 
incorrectly listed. 
4. A demonstration pursuant to 40 CFR 130.7(b)(1)(ii) that there are effluent limitations 
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    required by state or local authorities that are more stringent than technology-based 
    effluent limitations, required by the CWA, and that these more stringent effluent 
    limitations will result in the attainment of WQSs for the pollutant causing the 
    impairment. 
5. A demonstration pursuant to 40 CFR 130.7(b)(1)(iii) that there are other pollution 
control requirements required by state, local, or federal authority that will result in 
attainment of WQSs for a specific pollutant(s) within a reasonable time. 
6. Documentation that the state included on a previous Section 303(d) list an impaired 
    segment that was not required to be listed by EPA regulations.  
7. Approval or establishment by EPA of a TMDL since the last Section 303(d) list. 
8. A state inappropriately listed a segment that is within Indian country, as defined in 18 
    U.S.C. Section 1151. 
9. Other relevant information that supports the decision not to include the segment on 
the Section 303(d) list. 
  
 As of 2008 the IEPA has made further changes to the listing and delisting of 
impaired water bodies not in attainment with aquatic life designated use.  The IEPA is 
no longer using total nitrogen as a cause of impairment; however, water bodies were 
never placed on the Illinois 303(d) list solely on the basis of high nitrogen levels.  
Dissolved oxygen (DO) has also been removed as a cause of impairment since the 
federal government does not recognize low DO values as a pollutant under CWA 502(6).  
Since all water bodies with nitrogen impairment have other causes they remain on the 
list while all water bodies with low DO as the sole impairment are being delisted (IL 
303(d), 2008).  Figure 1.1 helps illustrate and support the notion held by the federal 
government and the State of Illinois that DO is not a pollutant, but is more of an 
indicator of other factors resulting in non-attainment. 
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Figure 1.1 Sources and Sinks for Oxygen Supply and Demand in Aquatic Environments 
Source: Illinois State Water Survey, 2006 
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CHAPTER 2 
LITERATURE REVIEW 
 
2.1 TMDL ADAPTIVE IMPLEMENTATION 
The methodology for categorizing and prioritizing TMDLs at the state level is 
currently based on professional judgment that is applied on a site-by-site basis.  
Freedman et al. (2008 & 2004) calls for a switch from the conventional USEPA standard 
to what the authors have coined “adaptive management.”  This approach does not view 
point and non-point pollution sources entering a water body as a singular 
determination, but rather as an evolving plan of implementation and monitoring (the 
current plan does not require impaired sites be revisited or monitored).  Since water 
quality data are lacking and each site has its own unique set of circumstances, this 
allows watershed managers and stakeholders to experiment with less costly and less 
risky control methods.  The knowledge gained from each site can then be used to make 
better informed management decisions in the future.  According to the General 
Accounting Office report, 8 of 15 states needed to revise their designated uses, and 14 
of 15 surveyed states stated that their water quality criteria needed modification.  Only 
5 of the 50 states have the data needed to identify and quantify non-point source loads 
(Freedman et al., 2008). 
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2.2  RECOVERY POTENTIAL 
Collecting long term data for the more than 20,000 impaired waters set to be in 
place by 2010 is not economically or logistically feasible.  Long term data can also 
introduce uncertainty and bias into the decision making process.  Since it is possible for 
pollution sources and concentrations to alter drastically over time, collecting data over a 
set time frame may only lead to greater uncertainty or give erroneous readings if the 
wrong temporal scale was used.  Richards et al. (2004) found that annual phosphorous 
loads on the Sandusky River ranged by 350% over a three year period.  Under the 
current TMDL process pollution loads and their reduction are not considered from an 
economic perspective (Ziadi et al. 2008).  To eliminate this arduous and potentially 
costly method Wickham et al. (2007) propose to use economic recovery potential to 
prioritize 303(d) sites.  They define recovery potential as:   
“the likelihood of an impaired water to re-attain Water Quality Standards or other 
valued attributes, given its ecological capacity to regain lost functionality, its exposure 
to stressors, and the social context affecting efforts to improve its condition”(p.493) 
 
The authors categorize measurements of economic recovery into three groups: 
ecological capacity, stressors, and socio-economic context.  Using these parameters they 
determine which sites have the greatest recovery potential for the lowest input costs.  
Using this analysis they determined that small watersheds with few cities, high 
confluence density, and forested regions had the greatest recovery potential.  
Urbanized regions had low recovery potential since impervious surface area is difficult 
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and costly to mitigate.  They also stated that sites within large river systems had low 
potential since their upstream tributaries need to be mitigated before their loads can be 
assessed.   
 Ziadi et al. (2008) used an economic assessment on the load allocation of E. coli 
in the Roses Creek Watershed in Virginia.  They used the cost effectiveness of BMPs in 
conjunction with the water quality model FORTRAN to determine the proper load 
allocation for E. coli and the most efficient BMP to achieve the set load.  While their 
findings were inconclusive they felt that incorporating an economic assessment in the 
early stages of the TMDL process would promote successful implementation by setting 
economically and technologically feasible reduction targets. 
 
2.3  TMDL IMPLEMENTATION CASE STUDIES 
Benham et al. (2007) and Keller et al. (2008) assed the CWA 303(d) list and the 
implementation of TMDLs at the national level.  Their goals were to identify the factors 
responsible for the successful listing and implementation of TMDLs as well as the major 
causes of water body impairment.  The most common positive factors for successful 
TMDL implementation were: adequate funding, government agency involvement, 
stakeholder/public meetings, stakeholder involvement, TMDLs were assessed and 
quantified systematically, targeted implementation, phased implementation, and public 
outreach or education (Benham et al. 2007).  They found that watersheds with point 
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source pollution and those comprised primarily of publicly owned land exhibited the 
fewest of these factors. 
The most common causes of water body impairment nationwide are (listed in 
descending order): pathogens, heavy metals, nutrients, sediment, oxygen depletion, 
organic enrichment, and biological impairments.  These impairments account for nearly 
80% of the CWA 303(d) lists (Muñoz-Carpena et al. 2006; Keller et al. 2008; Benham et 
al. 2007).  While causes of impairment were analogous throughout the nation, the 
rationale for listing them varies significantly between states and even within states.  
Most states do not have consistent methods for data collection, sampling, analysis, or 
quality control (Keller et al. 2007).  The overlying message from both of these articles 
was that while we can identify the major sources of impairment and the factors needed 
for successful implementation of TMDLs every watershed is different and no one 
approach can guarantee success.  
 
2.4  TMDL MODELS 
The TMDL process is cumulative so if data collection is lacking or not uniform in 
the early stages those inaccuracies can be perpetuated.  Muñoz-Carpena et al. (2006) 
summarized the findings of a multidisciplinary team of forty two engineers, scientists, 
economists, regulators, managers, and consultants on the use of models in the TMDL 
process.  They found that most models are based on old science even though improved 
technology exists, and the main problem resides in determining the proper model and 
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having a qualified individual run the model.  They identified three guidelines for 
selecting the appropriate TMDL model: the model should be applicable to a specific 
situation, provide appropriate levels of analysis, and incorporate constraints into the 
selection process.  The team found that existing models for nutrients and sediment are 
adequate, while dissolved oxygen models are lacking, and biological indicators are 
insufficient.        
 
2.5  INDICES  
2.5.1 WATER QUALITY INDICES 
In 1965 the Environmental Pollution Panel of the President’s Science Advisory 
Committee recommended that the federal government develop a numerical index of 
chemical pollutants for water samples (USEPA, 1978).  That same year Robert Horton 
(1965) pioneered the use of rating water quality based on an index number system 
(Horton, 1965; Kumar & Alappat, 2009).  The use of water quality indices (WQI) in water 
quality management can be used to bridge the gap between water quality monitoring 
and reporting (House, 1989).  They are useful in communicating and reporting water 
quality data to the general public without compromising the integrity of the data (Khan 
et al., 2005; Schaeffer and Janardan, 1977).  Indices can also be used to measure the 
success of federal, state, local, and private programs in dealing with environmental 
problems (Train, 1972).  Ten years after Horton’s index and the President’s Advisory 
Committees recommendations, the National Academy of Sciences (NAS) concluded that 
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the federal government has made insufficient progress in developing and implementing 
environmental indices despite support from all three branches of government (USEPA, 
1978; NAS, 1975).  They further conclude that there appears to be no insurmountable 
obstacles to develop WQIs and recommend their prompt construction and use.   
The Canadian Council of Ministers of the Environment (CCME) developed a WQI 
in 2001 as an aid to policy makers to provide a broad overview of water quality data.  
The CCME states that water quality objectives/guidelines are required to implement 
WQIs.  The USEPA already requires states under 303(d) to set WQS.  The CCME WQI 
uses three variables (scope, frequency, and amplitude) to develop a value of 0-100 to 
represent overall water quality.  Scope represents the number of failed variables versus 
the total number of variables; frequency is the number of failed tests versus total 
number of tests, and amplitude refers to how much each pollutant is in excess of WQS.  
There is also a factor that accounts for naturally high background concentrations for 
specific water bodies (Khan et al., 2005).   
 The majority of WQIs developed over the years do not consider the notion that 
water has different designated uses and the variables and WQS included within an index 
will evolve based on the intended use for a given water body.  The most common 
variables included in indices whether or not they account for designated uses are: 
dissolved oxygen (DO), pH, fecal coliform, nitrates, biological oxygen demand (BOD), 
temperature, total solids, and total phosphate (see Appendix A).  Walski and Parker 
(1974) state that most significant problem facing the creation of WQI’s is that the uses 
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for water are copious and the quality of water demanded for each purpose varies 
tremendously.  Smith (1989), Brown et al. (1972), Dinius (1987), and Boyacioglu (2007) 
identify that water has different designated uses but the methodology used to derive 
their water quality indices cannot evolve to assess other uses.   
The methodology used in the CCME WQI accounts for different water uses by 
acknowledging the fact that different water uses have different WQS.  By using the 
three step process explained in the previous paragraph the WQI value will evolve if the 
number of variables change, number of tests change, or the degree to which the 
variable is in excess of WQS.  Like the CCME WQI, Prati’s Implicit Index of Pollution (PIIP) 
accounts for the level at which each variable is in excess of WQS.  Using thirteen 
commonly measured variables (Table 2.1) Prati and his colleagues developed five 
categories of water pollution.  Each category has an index value of 1,2,4,8, or >8 with 1 
being excellent and >8 being heavily polluted.  The categories and indices correlate to 
the degree of excess of WQS for each variable (Table 2.1).  The final index value is 
obtained by computing the arithmetic mean of the 13 variables (Prati et al., 1971; Ott, 
1978).  Dinius’ Social Accounting System accounts for waters’ varying uses as well as 
indirectly addresses the degree of pollution.  Instead of identifying the degree of water 
quality degradation this system is meant to measure the costs and impacts of pollution 
control measures, thereby improving public expenditures and regulatory actions.  Each 
water body and designated use is evaluated based on its percentage of degradation 
from “perfect” with 100% being pure water (Table 2.2) (Dinius, 1972).   
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Table 2.1 Prati’s Classification System for Surface Water Quality 
Condition Excellent Acceptable Slightly 
Polluted 
Polluted Heavily 
Polluted 
Index of Quality 1 2 4 8 >8 
pH  6.5-8.0 6.0-8.4 5.0-9.0 3.9-10.1 <3.9 to >10.1 
DO (%) 88-112 75-125 50-150 20-200 <20 to >200 
BOD (ppm) 1.5 3.0 6.0 12.0 >12.0 
COD (ppm) 10 20 40 80 >80 
Permangenate (mg/l 
O2) 
2.5 5.0 10.0 20.0 >20.0 
Suspended Solids 
(ppm) 
20 40 100 278 >278 
Ammonia (ppm) 0.1 0.3 0.9 2.7 >2.7 
Nitrates (ppm) 4 12 36 108 >108 
Chlorides (ppm) 50 150 300 620 >620 
Iron (ppm) 0.1 0.3 0.9 2.7 >2.7 
Manganese (ppm) 0.05 0.17 0.5 1.0 >1.0 
Alkly Benxene (ppm) 0.09 1.0 3.5 8.5 >8.5 
CCE (ppm) 1.0 2.0 4.0 8.0 >8.0 
(Source: Prati et al., 1971: Reprinted with permission, copyright by Elsevier) 
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Table 2.2 Dinius’ Social Accounting System General Rating Scale 
100% Purification 
not 
necessary 
Acceptable 
for all 
water 
sports 
Acceptable 
for all fish 
Purification 
not 
necessary 
A
ccep
tab
le 
A
ccep
tab
le 
90% Minor 
purification 
required 
Minor 
purification 
for industry 
requiring 
quality 
water 
80% 
Necessary 
treatment 
becoming 
more 
extensive 
 
 
70% Becoming 
polluted 
Still 
acceptable 
bacteria 
count 
Marginal 
for trout 
No 
treatment 
necessary 
for normal 
industry 
60% Doubtful 
for 
sensitive 
fish 
50% 
Doubtful 
Doubtful 
for water 
contact 
Hardy fish 
only Extensive 
treatment 
for most 
industry 
40% 
N
o
t accep
tab
le 
Only 
boating 
not water 
contact 
Coarse fish 
only 
30% Obvious 
pollution 
appearing 
N
o
t accep
tab
le 
Rough 
industry use 
only 
Obvious 
pollution 
appearing 
20% 
Obvious 
pollution 
Not 
acceptable 
Not 
acceptable 
Obvious 
pollution 
Not 
acceptable 
10% Not 
acceptable 
 
Public 
Water 
Supply 
Recreation 
Fish 
Shellfish 
& Wildlife 
Industrial & 
Agricultural 
Navigation 
Treated 
Waste 
Water 
Transport 
(Source: Dinius, 1972: Reprinted with permission, American Geophysical Union) 
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2.5.2  ILLINOIS WATER QUALITY INDICES 
 According to Ott (1978) governmental agencies within Illinois have had 
considerable experience in developing water quality indices in the past.  In 1972, Baker 
and Kramer of the Illinois Department of Transportation (Division of Water Resource 
Management) developed a WQI.  They identified six criteria for developing an index: 
1. Water quality variables that are widely and regularly measured. 
2. Variables that have clear effects on aquatic life, recreational use, or both. 
3. Variables that have man-made sources as opposed to natural sources. 
4. Variables that are amenable to control through pollution abatement programs. 
5. Realistic ranges of each variable, from no pollution to gross pollution. 
6. Sensitivity to reasonably small changes in water quality. 
The pollution index has six ranges and five variables (Table 2.3) and is calculated as the 
sum of the five variables.  The index scale ranges from 0-30 with five pollution index 
ranges and corresponding descriptors (Table 2.4).  This system was applied to 
monitoring stations on Lake Michigan and most Chicago-land waterways, but never 
developed beyond the pilot phase (Ott, 1978; USEPA, 1978). 
 During this same time frame the IEPA was evaluating five WQIs proposed by 
Janardan and Schaeffer (1977).  Three WQIs were chi-square based and two were based 
on ranking procedures, with the IEPA ultimately favoring a ranking index.  The index was 
applied by the State of Illinois to examine water quality data for over 500 monitoring 
stations using 4 variables: DO, fecal coliform, total dissolved solids, and ammonia 
nitrogen.  The index was used from 1971-1975 and the results were used to report the 
state’s water quality in the 1976 CWA 305(b) report.  Over the five year period they 
found that water quality improved at 93 stations, deteriorated at 50 stations, and 379 
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stations remained the same.  As with Baker and Kramer’s index each monitoring station 
was assigned a rating of: good, average, semi-polluted, or polluted based on index 
values.  The IEPA stated they were satisfied with the index and would use it in 
subsequent 305(b) reports (to the best knowledge of the author this never happened) 
(Ott, 1978a; USEPA, 1978).    
Table 2.3 Ranges of Variables for the Water Pollution Index in Illinois 
Variablea 
Index Value 
1 2 3 4 5 6 
DO (mg/l) 
 
>6.0 
 
5.0-5.9 
 
4.0-4.9 
 
3.0-3.9 
 
2.0-2.9 
 
<2.0 
 COD (mg/l) 
 
<19.0 
 
19.0-22.9 
 
23.0-26.9 
 
27.0-30.9 
 
31.0-34.9 
 
>35.0 
 Ammonia 
(mg/l) 
 
<0.5 
 
0.5-1.4 
 
1.5-2.4 
 
2.5-3.4 
 
3.5-4.4 
 
>4.5 
 
Nutrientsb 
 
 
PO4 (mg/l) 
 
<1.0 
 
1.0-5.9 
 
6.0-10.9 
 
11.0-15.9 
 
16.0-20.9 
 
>21.0 
 NO2+NO3
(mg/l) 
<4.0 
 
4.0-11.9 
 
12.0-19.9 
 
20.0-27.9 
 
28.0-35.9 
 
>36.0 
 
Fecal 
Coliform 
(#/100ml) 
<20 20-199 200-1,999 2,000-19,999 20,000-199,000 >200,000 
aAnnual maximum value, except for two variables, DO, which is annual minimum value and fecal 
coliform, which is geometric mean. 
bOnly the larger of the PO4 or NO2 + NO3 subindices used 
(Source: Table derived from EPA-600/4-78-005; USEPA, 1978) 
 
Table 2.4 Descriptors for the Illinois Water Pollution Index 
Pollutant Index Range Descriptor 
0-7 
8-9 
10-11 
12-15 
16-25 
Light 
Moderate 
Heavy 
Severe 
Gross 
(Source: Table derived from EPA-600/4-78-005; USEPA, 1978) 
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2.5.3 OTHER ENVIRONMENTAL INDICES 
 Indices are used in a variety of other fields.  For instance there are air pollution 
indices and stock market price share indices.  Regardless of their intended use all of 
them convey a simple summary of complex data (Smith, 1989).  A number of air 
pollution indices have been proposed by journals and conferences as well as by state 
and local air pollution control agencies as a mechanism for reporting air quality to the 
public.  To standardize air pollution reporting schemes the United States adopted the Air 
Quality Index (formally Pollution Standards Index pre 1999) in the 1970’s as a result of 
the Clean Air Act (Ott, 1978).   
 The Solid Waste Environmental Quality Index was developed by Collins (1976) to 
evaluate the outcome of each solid waste disposal alternative.  The index accounts for 
the disposal regimes impact on: aesthetics, air pollution, water pollution, land use, 
noise, odor, physical hazards, and resource conservation.  Utility functions are 
developed for each variable in the index based on occurrence probabilities which are 
then aggregated (Ott, 1978). 
 During the 1970’s the federal government and civilian population became 
increasingly concerned with environmental quality.  Economic expansion and population 
growth increased concerns over water and air contamination as well as noise pollution.  
The USEPA established the Noise Control Act in 1972 to address this growing concern 
(Meyer, 1974).  The weighted index accounts for three factors:  
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1.  Frequency: The rate at which a sound source vibrates, measured in Hertz 
2. Amplitude: Perceived loudness or the fluctuation in atmospheric pressure, 
measured in decibels 
3.   Temporal Variations:  Described in terms of patterns in time and level: 
continuity, fluctuation, impulsiveness, intermittency 
A rate is developed from the aggregate of the three factors.  Factor weights can change 
temporally since sound is considered a greater annoyance at night as well as be altered 
based on population size/density (Ott, 1978; USEPA, 1974). 
 Indices have even attempted to assess the total environment.  While only a few 
of these all encompassing indices have been created, largely due to the inherent 
complexity, Pikul (1974) constructed one by compressing over 100 factors into 14 
ranked groups: water pollution, hazardous substances, land management, solid waste 
disposal, recycling, resources, natural phenomena, social aesthetic conditions, 
population, human health, biological health and ecological balance, economic loss, and 
pollution control measures (Ott, 1978).  The National Wildlife Federation publishes the 
Environmental Quality Index yearly to report on current environmental activities in the 
fields of: wildlife, air, water, minerals, soil, forests, and living space in America ( Walski & 
Parker, 1974; Ott, 1978). 
 Species diversity indices are widely used in animal and plant ecology to evaluate, 
survey, and conserve ecosystems and can be very beneficial to environmental 
management programs.  The concept is based on the richness of a habitat in terms of 
the number of species present and the number of individuals within each species.  The 
Shannon index, Simpson index, Camargo evenness index, and Pielou regularity index are 
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some of the most common indices used to quantify biodiversity.  Like other indices, 
species diversity/richness indices have been criticized for the lack of a standard 
definition of “species diversity” as well as the factors and weights included in the indices 
(Ott, 1978; Mouillot & Lepretre, 1999). 
 The Floristic Quality Index (FQI) is a standardized method used by federal, local, 
and private agencies for assessing natural or restored areas.  The process was conceived 
by Swink and Wilhelm in the late 1960’s after the passage of the National Environmental 
Policy Act.  Their goal was to replace subjective measures of quality (high, medium, low) 
and develop a method to quantify biological integrity of a site based on the condition of 
the plant community (Swink & Wilhelm, 1994; USACE, 2009).  The FQI is a simple, 
consistent, repeatable, cost-effective method for determining the ecological condition 
of a sites flora (Swink & Wilhelm, 1994; Herman et al., 2001).  It can be a useful tool to 
assist environmental consultants, scientists, natural resource managers, land stewards, 
and environmental decision-makers when time, funding, and human resources are 
constrained (USACE, 2009; Herman et al., 2001).  The index is based on coefficients of 
conservatism (C value) that account for a plants ability to tolerate disturbance and its 
fidelity to a particular habitat.  The C values range from 0-10 with species highly tolerant 
to disturbance and low fidelity receiving lower values (Swink & Wilhelm, 1994; USACE, 
2009; Rocchio, 2007; Francis et al., 2000 
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CHAPTER 3 
STUDY METHODS 
 
3.1 STUDY AREA 
 The study area included all water bodies and watersheds on the Illinois 2004 
CWA 303(d) list contained within the political boundaries of the state (Figure 3.1).  Both 
lotic and limnetic systems regardless of size or spatial distribution are in this study for a 
variety of reasons.  The first and foremost reason is that under CWA Section 305(b) each 
state must report to the USEPA on the quality of all surface water bodies.  The report to 
the USEPA must include the degree to which beneficial use is attained and the cause(s) 
or reason(s) a water body is not meeting attainment.  Any water body with pollutant 
concentrations in excess of water quality standards (WQS) for a given designated use is 
placed in Category V of the Illinois surface water scale (see section 1.3.1).  In Illinois, all 
water bodies in Category V are placed on the 303(d) list.  For these reasons, any water 
body that falls under CWA regulation was included.  The second reason for not 
excluding any water bodies was to reduce sampling error and bias.  By including the 
entire population of Category V water bodies, any errors associated with sample size, 
spatial distribution, or water body size were reduced. Finally, Illinois was chosen due to 
the researchers pre-existing knowledge of water bodies and institutions that reside 
within the state.  
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Figure 3. 1 Illinois HUC-10 Watersheds with Major Rivers 
 
28 
 
3.2 INITIAL DATA ANALYSIS 
 The dataset used as a basis of this research was the Illinois 2004 CWA 303(d) list 
obtained from the IEPA Bureau of Water’s TMDL web page.  The data set identifies any 
water body not meeting attainment by name as well as its 10 digit hydrologic unit code 
(HUC) (326 total impaired watersheds).  The dataset also contains the impairment area 
(miles for lotic and acres for limnetic), level of assessment, assessment method, year 
listed, designated use(s) and support(s), potential causes, potential sources, as well as 
the water body’s individual priority and watershed priority.  The study examined waters 
listed on the Illinois 303(d) between 1992 and 2004 (listed biannually).  While data exist 
prior and after these dates they were omitted for two reasons.  The year 1992 was 
chosen as the starting year since data prior to this lacks sampling and assessment 
information.  The year 2004 was selected as the end of the dataset since as stated in 
section 1.3.3 Illinois no longer considers DO and nitrogen a cause of pollution after that 
year.   
 The first step of the initial data analysis phase was to edit the 1992-2004 303(d) 
dataset posted by the IEPA and omit any attributes that have null values.  This step was 
primarily carried out on the potential sources and causes of non-attainment.  The 
dataset converts sources and causes into nominal values in order to be analyzed.  Using 
the COUNTIF function in Microsoft Excel 2007 it was determined that of the 158 
potential causes of impairment identified by the IEPA only 68 were actually listed as 
being causes of impairment between 1992 and 2004 for the 326 HUC-10 watersheds.  
The same COUNTIF function was applied to all of the potential sources of impairment 
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and showed that only 58 of the 106 total potential sources identified were valid for the 
time span of the study.  The 90 potential causes and 48 potential sources of impairment 
identified to be absent by the function were omitted since they do not pertain to the 
study area.           
 The next phase was to investigate the IEPA’s first step of prioritization in which 
the agency assigns values of high, medium, and low priority based on a water body’s 
designated use (see section 1.3.1).  Using the COUNTIF function in Excel it was 
determined that out of 1067 water bodies/segments assessed 264 were assigned high 
priority, 801 as medium, and only 2 as low priority.  The second step in the IEPA’s 
prioritization scheme is to aggregate the total impairments per watershed and assign 
the highest priority to the watershed with the greatest value and progressively decrease 
priority with decreasing non-attainment.  Again, the COUNTIF function was used to 
analyze this scheme by summing all the potential causes and sources for each 
watershed and plotting them against their respective priority to determine if a trend 
exists.   
 The final step in the initial analysis was to determine if a correlation exists 
amongst causes and their relative priority ranking.  For instance, is a pollutant such as 
total phosphorous, which has the highest total cause count, positively or negatively 
correlated in relation to priority or is it equally distributed?   
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3.3 SURVEY 
 An email survey was sent to water quality experts/managers in the state of 
Illinois to gain knowledge and opinions on the Illinois 303(d) process.  The survey 
consisted of 11 questions (see Appendix C).  The first three were general open ended 
questions to identify opinions on current water policy and areas that need 
improvement.  Questions 4-7 were closed ended questions designed to gain experts’ 
opinions on sources of concern, assess the current prioritization scheme, and the 
feasibility of using a weighted index, respectively.  Questions 8 and 9 were added to 
evaluate the respondent’s knowledge of water quality issues in general as well as those 
specific to Illinois.  The last two tables asked participants to assign weights to pollutants 
identified by the 303(d) list. 
 Each table was designed to collect expert opinions on the severity (or 
importance/effect) of a given pollutant for a specific designated use.  The first table 
(Question 10) assesses the severity of each pollutant being in excess of WQS for aquatic 
biota and the second table assesses public and food processing water supply.  Out of the 
six designated uses identified by IEPA, aquatic biota was chosen since it was listed the 
greatest number of times for not meeting WQS (1045 out of 1067 individual priorities).   
Also, it is listed as the designated use(s) for the majority of water bodies.  Public and 
food processing water supply was chosen since it has the greatest potential impact to 
humans as well as serves as a reference point to compare aquatic biota results.  A total 
of 57 pollutants were incorporated into the tables.  All of these pollutants appeared on 
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the Illinois 303(d) list at least once for the time frame of the study.  Four causes were 
omitted from the study (unspecified nutrients, unspecified metals, impairment 
unknown, and unspecified priority organisms) since they lacked quantitative data.  
Individual pesticides (DDT, Aldrin, Hexachlorobenzene, Chlordane, Dieldrin, 
Methoxychlor, Endrin, & Lindane) were compiled into one group labeled pesticides* 
since survey participants may not be familiar with the chemical composition of each 
pollutant.  Each table was further categorized into four cause/pollution types: chemical 
pollution in water column, physical pollution in water column, chemical pollution in 
sediment, and physical/biological alterations.  Each pollutant category was listed in 
descending order from the greatest aggregate cause count to the smallest.    
 The rating scale methodology for the two tables follows those used by Brown 
(1970) and Kumar and Alappat (2009).  Each water quality expert participating in the 
survey was to assign a weight of 1, 2, 3, 4, or 5 to each pollutant based on its 
significance of being in excess of WQS for a given designated use.  A rating of 1 was 
assigned to pollutants with relatively high significance with values progressively 
decreasing to 5 for relatively low significance.     
 A detailed list of individuals was compiled by completing various internet 
searches.  Water quality experts in academia were found using “50states.com” to search 
all the colleges/universities in Illinois.  Individuals were found by navigating through 
each school’s web page and selecting individuals that teach classes or conduct research 
on water quality/management.  Contact information for individuals working in private 
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practice was obtained from the 2010 U.S. Army Corps. of Engineers Illinois Engineering 
and Environmental Consulting Firms list (USACE, 2011).  Each firm’s website was 
consulted to confirm their expertise in the field of water quality.  If personal contact 
information was not provided, each firm was contacted to obtain contacts for 
individuals in the desired field.  Individuals working for governmental agencies were 
obtained by using staff directories.  Individual expertise was established by conducting 
literature reviews.  Surveys were sent via email to all the water quality/management 
experts found in the state of Illinois.  Each survey was accompanied by a cover letter 
(Appendix B) explaining the current process of prioritizing impaired water bodies as well 
as the goals of my research.     
    
3.4 DELPHI METHOD 
"Project DELPHI" was the name for a study used by the RAND Corporation in the 
late 1960s and, early 70s to obtain expert opinions.  The technique employed was 
named the DELPHI method. Its object was to obtain the most reliable consensus of 
opinion of a group of experts. This is attempted through a series of intensive 
questionnaires interspersed with controlled opinion feedback.  The experiment was 
designed to apply expert opinion to the selection, from the viewpoint of a Soviet 
strategic planner, of an optimal U. S. industrial target system and to the estimation of 
the number of A-bombs required to reduce the munitions output by a prescribed 
amount.  The methodology strays away from the conventional round-table discussion to 
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provoke individual thought and the formulation of well-developed opinions.  Direct 
confrontation of decisions tend to result in closed-minded, preconceived ideas, and 
have a tendency to be biased towards a few persuasive individuals (Dalkey & Helmer, 
1963).  According to Rescher (1969) there are three primary elements to a Delphi study: 
1. The value object: The item(s) being evaluated in the study 
2. The value grade: The evaluation made by the individual taking part in the study, 
i.e. the item(s) rate or ranking 
3. The involved value(s): Conscientiousness and competence of the individual 
taking part in the study 
 
A Delphi questionnaire is composed of at least three steps.  The first step is to 
send the questionnaire to each individual expert and have them assign rates/weights to 
each question based on their individual opinions.  In the second step the researcher 
aggregates all of the expert opinions to create an average rate/weight for each 
question.  The third step involves sending back the individual’s original questionnaire 
along with the aggregated values to see if each participant is willing to revise their 
response(s) in an effort to move towards greater consensus among the participants.  
During this stage, respondents are allowed to state why they agree or disagree with the 
aggregate measures.  The questioners are then re-aggregated based on the feedback of 
the participants.  Steps two and three can be repeated until the researcher is satisfied 
with the responses.  Steps two and three were only completed once during the course 
of this study.  It is expected that the initial views are widely divergent, but as the 
experiment continues the opinions tend to converge; however, one cannot expect the 
final responses to coincide perfectly (Dalkey & Helmer, 1963).   In the field of water 
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quality the Delphi technique was used to develop the National Sanitation Foundation 
water quality index (WQI), Deininger and Lendwehr 1970’s Public Water Supply Index 
(PWS), O’Connor’s 1972 Fish & Wildlife and PWS, Water Quality Indexing System for 
Rivers and Streams, and WQI for Contact Recreation in New Zealand (Kumar & Alappat, 
2009). 
 
3.5 ANALYSIS OF SURVEY RESULTS 
3.5.1 MEASURE OF CONSENT AND DISSENT 
 The methodology used to measure consensus and dissention was proposed by 
Tastle and Wierman (2006).  This measure indicates the level of dispersion of the 
Likert/ordinal data obtained from the surveys.  The formula is similar to standard 
deviation in that it informs the investigator on the level of dispersion expressed as the 
commonly understood concept of percentage (Tastle and Wierman, 2006).  The 
information measured takes a probability distribution over a set of discrete choices to 
produce a value that ranges from 0 (complete disagreement) to 1 (complete 
agreement).  They have established a set of four rules that must be satisfied before 
measuring ordinal scales. 
1. For a given (even) number of datum points used to collect information on some 
question of interest separate themselves into two disjointed groups than the 
data set is considered to have no agreement/consensus.  For an odd number of 
data points, there is at least one datum that is not an extreme, forcing the 
consensus value to be greater than zero. 
35 
 
2. If all data points are classified in the same category the consensus of the data is 
considered to be complete at 100%. 
3. If the mix of data points is such that (n/2)-1 points are assigned to any one 
category, the degree of consensus must be greater than zero. 
4. As the categories containing data converge to a single category, the consensus 
must increase, eventually approaching 1. 
 
The following equation (1) defines the measure of consensus (Tastle and 
Wierman, 2006). 
            
 
          
       
  
               (1) 
In the equation,   represents the Likert scale,    is a particular Likert attribute,    is the 
frequency associated with each    (the relative number of individuals who gave that 
response),    is the width of  , and    is the mean of     Dissent is measured as 
        . 
3.5.2 REVISED WATERSHED PRIORITY 
 The rates of pollutant severity obtained from Illinois water quality experts via the 
Delphi method were used to re-assign priority to all 303(d) HUC-10 watersheds within 
the state.  Pollutant weights were obtained by aggregating all the responses for a given 
pollutant and designated use.  The initial survey had a rate of 1 as being the most severe 
when in excess of WQS and a rate of 5 as being the least severe.  The inverse of the 
weights was used to re-prioritize the watersheds (5 being most severe and 1 least 
severe).  Microsoft Excel was used to replace the pollutant codes with their revised 
weights.  Any water body listed on the CWA 303(d) list as having a designated use of 
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public water supply was assigned public water supply rates and all other water bodies 
were assigned aquatic biota weights.  Once all the weights were assigned the sum of 
weighted causes for each watershed was calculated.  The watershed with the greatest 
value was assigned the greatest priority and progressively decreased with decreasing 
values.  Every pollutant surveyed was included regardless of consensus value. 
 ARC Map was used to join the tabular data from the IEPA and Respondent 
prioritization spreadsheet to Illinois HUC-12 watersheds based on the HUC-10 
watershed identification codes.  The HUC-12 watershed shapefile was used to dissolve 
the boundaries based on HUC-10 watershed identification codes since an original HUC-
10 watershed shapefile for the state was not found.  The dissolved HUC-10 layer was 
then used to visually display the IEPA’s original prioritization as well as the revised 
prioritization based on water quality expert’s responses.  Two more maps were created 
to show the distribution of change as well as the percent change between the IEPA and 
respondent’s revised priority schemes.   
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CHAPTER 4 
RESULTS AND DISCUSSION 
 
4.1 INITIAL ANALYSIS 
The initial analysis of the current IEPA 303(d) prioritization scheme revealed 
some interesting results.  Step two of the scheme prioritizes watersheds based on total 
number of impairments per watershed.  The watershed with the highest cause count 
should result in the highest priority and progressively decrease as count decreases.  
Figures 4.1 and 4.2 depict the actual relationship between cause/source count and 
watershed priority.  Instead of following an exponential function as predicted, the data 
shows a trimodal exponential function with a spike around watershed priority 74.   
After much deliberation as to why the graphs are trimodal it was theorized that 
watershed priority was broken down into three categories.  As discussed in section 1.3.1 
the IEPA initially assigns a value of high, medium, or low priority to each watershed.  
Those watersheds classified as high priority represent the initial spike, the second spike 
in prioritization are those water bodies classified as medium, and the final small spike 
(at watershed priority 326) represents the two water bodies classified as low priority.    
 While this study and the IEPA do not directly address sources of water body 
impairment in their prioritization scheme, Figure 4.2 depicts the trend of watershed 
priority and the number of sources of impairment per watershed.  This figure follows 
the same trimodal distribution as Figure 4.1; however, there is greater oscillation in 
Figure 4.2.  It is expected that sources of impairment follow a similar distribution as 
causes of water body impairment since if there is a greater number of causes of 
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impairment there is a greater probability of more sources contribution to the causes.  
The oscillations can be attributed to the fact that there is not a one-to-one relationship 
between causes and sources of impairment (e.g. one source can attribute to one or 
multiple causes of impairment per watershed). 
 
Figure 4.1 Watershed Priority in Relation to Watershed Cause Count 
 
Figure 4.2 Watershed Priority in Relation to Watershed Source Count 
 
 The second step was to identify any relationships (or tendencies) that might exist 
among individual pollutants and the prioritization of individual water bodies.  Figure 4.3 
depicts five pollutants identified by the IEPA that have varying degrees of impairment 
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occurrence.  Total phosphorous in sediment was listed the greatest number of times for 
causing impairment and the pollutants cause count progressively decrease to sulfates.  
Figure 4.3 indicates the absence of any trends (except within the highest ranks 1-150 or 
200 with the exception of PCBs9000 which show increasing values within this range) 
that might exist between individual pollutants and the priority ranking of individual 
water body priority.  The initial decrease in pollutant frequency may be associated with 
the initial high priority ranking of water bodies and watersheds by the IEPA.  These 
watersheds had the greatest total number of impairments, therefore the probability of a 
pollutant occurring will progressively decrease within the initial IEPA priority rankings 
(high, medium, low).   This signifies that the current IEPA prioritization scheme does not 
consider the severity of a given pollutant. 
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Figure 4.3 Correlation Between Impairment Cause and Individual Water body Priority 
*9000 Signifies that the pollutant is in sediment 
 
 
40 
 
4.2 SURVEY RESULTS 
4.2.1 OPEN ENDED QUESTIONS: QUESTION 1 
 
 The responses to the first comprehensive question addressing short comings of 
the current approach to water quality management in Illinois fell into one of four 
categories: 1) limited funding and manpower, 2) lack of coordination and monitoring, 3) 
failure to regulate point sources, and 4) lack of biological monitoring. All of the detailed 
responses can be viewed in Appendix C.  
4.2.1.1 FUNDING AND MANPOWER 
The most frequently cited shortcoming of the current system by the survey 
respondents was the lack of funding and manpower to develop, implement, and 
monitor water quality in the state of Illinois.  While the CWA is a federal regulation the 
burden of developing and implementing the regulations is placed on the states.  There 
are four programs in Illinois that provide funds for 303(d) and TMDL implementation: 
Illinois EPA’s Nonpoint Source Management Program, Illinois Clean Lakes Program, 
Priority Lake and Watershed Implementation Program, and Illinois Department of 
Agriculture’s Conservation Practices Program.  These programs fall under section 319 of 
the CWA which provides grant money for educational programs and nonpoint source 
pollution control projects (IEPA, 2008).  While section 319 provides federal money to the 
states it is fraught with complications.  Due to federal budget cuts 319 appropriations 
have been declining since 2001 and as of 2009 its annual budget was $200.9 million 
nationally (USEPA, 2009).  This is not a substantial amount of money when estimated 
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annual costs to states for developing TMDLS could be as high as $69 million and up to an 
additional $4.3 billion for controlling pollution sources (Copeland, 2006).  The second 
drawback is that it is a cost-sharing program.  The cost-share per grant is sixty percent 
federal and forty percent state or local.  While this grant money is important to the 
states for developing pollution control projects it may be difficult for states to 
appropriate their share in tough fiscal times (Environmental Law & Policy Center, 2003).    
4.2.1.2 LACK OF COORDINATION/MONITORING 
Survey participants also voiced concerns over the lack of coordination between 
watershed managers, IEPA, USEPA, and private citizens.  This “disconnect” makes it 
difficult to effectively and efficiently prioritize and implement pollution abatement 
projects.  There is also insufficient monitoring of water bodies and TMDL projects that 
have been implemented.  While section 303(d) and 305 do not specifically mandate 
monitoring it is difficult to assess water quality trends without it.  Similarly, participants 
stated that goals and objectives need to be project specific.  The process set forth by the 
state is ambiguous and it lacks the ability for an adaptive approach to watershed and 
water quality management.  The conceptual model does not facilitate project specific 
objectives.    
4.2.1.3 FAILURE TO REGULATE POINT SOURCES 
Concern was also voiced by survey respondents over the lack of regulation of 
point source pollution.  Under section 402 of the CWA (NPDES) the EPA is responsible 
for regulating and permitting point source pollution.  While this research deals with all 
causes of pollution the IEPA’s 303(d) list identifies municipal and industrial point source 
42 
 
pollution as a major source of impairment.  The IEPA should be addressing this under 
section 402 and not section 303(d), 305, and the development of TMDLs.  Along the 
same lines the IEPA lacks the authority, finances, and man power to regulate nonpoint 
source pollution. 
4.2.1.4 LACK OF BIOLOGICAL MONITORING 
The final category of concerns among the survey respondents was the lack of 
biological monitoring data and specific WQS.  There is concern that too much of an 
emphasis is placed on the chemical environment and not enough on the biological and 
physical components.  One expert even went as far as stating Illinois’s index of biotic 
integrity is laughable.  Chemical analysis alone may not accurately portray/correlate to 
the biological/physical environment especially when samples are not taken over a varied 
time range or outdated data are used.         
4.2.2 OPEN ENDED QUESTIONS: QUESTIONS 2 & 3 
The responses to Question 2 regarding regions of the state that need the 
greatest improvement were quite similar.  In general, most respondents stated that 
attention needs to be given to the entire state with the possible exception of two 
regions (24 & 25) in southern Illinois (Figure 4.4).  Urbanized areas (8,6,7, & 10) were 
cited as needing the greatest attention along with the major agricultural regions as well 
as those bordering or having major rivers passing through them (Mississippi River and 
Lower Illinois River).   
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Figure 4. 4 Map of Illinois Pertaining to Question 2 of the Water Quality Survey 
 
Survey participants provided a vast array of responses when asked if there are 
any current or past approaches to water quality management the state should emulate.  
The responses ranged from being as elemental as reconstructing wetlands, riparian 
buffers, applying nutrient standards, and retention of runoff to references to actual 
policies implemented by other states.  Five out of the 21 participants identified the Ohio 
EPA as having a program the State of Illinois could emulate.  This program does not 
prioritize based on severity of pollutants, but it uses an integrated and adaptive 
approach to water management.  The program encourages goal setting, public 
involvement and education, monitoring, as well as prioritizing water bodies based on 
their beneficial use.  Similar programs in California and Michigan were also mentioned. 
teachag.net 
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4.2.3  CLOSED ENDED QUESTIONS 
  Question 4 resulted in some interesting answers that were somewhat 
contradictive of Question 2.  According to the responses for Question 2, urbanized areas 
need the most attention in terms of water quality improvement followed by the 
agricultural producing regions.  However, the results from Question 4 overwhelmingly 
indicate that agriculture is the most important source of water pollution (Table 4.1).    
Table 4.1 Survey Question 4 Aggregated Response Count 
4.  In your opinion, what is the most important source of water pollution/impairment? 
18 Agriculture 
8 Urban runoff 
4 Municipal point source 
5 Bank/shoreline modification 
7 Channelization 
0 Other 
 
There are several possible reasons for the discrepancies between Questions 2 
and 4.  Two of the respondents stated that they chose agriculture as the most important 
source of pollution in the state simply because the majority of the state is agricultural 
land.  Another respondent selected agriculture since point sources have been largely 
dealt with through the NPDES Program while nonpoint source have not due to 
weaknesses in the CWA.  While not explicitly stated by any of the respondents there are 
two other possibilities for the discrepancy with the first one being the societal impacts 
of water pollution.  While only 6.4% of the state is considered urbanized and 76.3% is 
classified as agricultural land by the Illinois Department of Agriculture (2000) the 
majority of the population lives in urbanized regions.  Although urbanized land use is 
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disproportionately low, water quality concerns are high due to high population density.  
Society is in direct contact with water pollution in highly populated areas whereas in 
rural areas water quality may only be affecting a few individuals (out of sight out of 
mind).  The second reason for this disparity can be attributed to the possible over 
simplification of a complex issue.  The Illinois 303(d) list identifies 58 possible sources of 
impairment from which five classifications were made.  Any one or combination of these 
58 possibilities can be important to a particular water body or watershed.          
The overall assessment of the current system of prioritizing impaired water 
bodies in the state fell between “average” and “good”.  None of the participants rated 
the system as “excellent” and “fair” and “poor” were only selected once (Table 4.2).   
Table 4.2 Survey Question 5 Aggregated Response Count 
5.  What is your assessment of the current system of prioritizing impaired water bodies 
in Illinois? 
0 Excellent 
8 Good 
7 Average 
1 Fair 
1 Poor 
 
From these two classifications (average-to-good) there were two possible 
explanations as to why individuals made the assessments they did.  A few individuals 
that rated the system as average stated that the IEPA is doing the best they can with 
their limited resources.  The second common response dealt with the overall vagueness 
of the classification and prioritization process.  There needs to be more stringent 
requirements for collecting data, more metrics for analyzing data, as well as a more rigid 
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system for prioritization.  Two respondents specifically addressed step one of the 
current prioritization scheme (see section 1.3.1).  One respondent said the rating system 
is too vague and the use of supporting vs. non-supporting classification leaves a lot to be 
desired.  Another individual stated that the process described earlier and the one stated 
by the state may not actually be implemented.  The notion that the system is too vague 
can also be addressed by the lack of data sampling requirements and metrics for 
analysis.  The first step of prioritization based on designated use does little to categorize 
water bodies.  Of the 1064 impaired water bodies listed, 264 are high priority, 798 
medium priority, and only 2 were assigned low priority.  As stated earlier more metrics 
need to be inserted into this initial step before prioritizing based on severity or overall 
occurrence of pollutants.    
 There was an overall consensus that the development of weights for individual 
pollutants and other causes of impairment for prioritizing Illinois’s 303(d) list of 
impaired water bodies is feasible.  Of the individuals who felt comfortable partaking in 
the question only one stated it is not feasible, five stated it is very feasible, and nine 
stated it could be feasible. 
Table 4.3 Survey Question 6 Aggregated Response Count 
6.  In your opinion, how feasible is the development of weights for individual pollutants 
and other causes of impairment for prioritizing Illinois’s 303(d) list of impaired water 
bodies? 
5 Very feasible 
9 Could be feasible if 
1 Not feasible because 
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None of the individuals who stated a scheme based on assigning weights to 
pollutants is “very feasible” specified why.  This can be attributed to the fact that a 
(please specify) caption and macro next to the very feasible check box was absent.  
Those who selected “could be feasible” expressed that greater financial support and 
resources would be needed in order to effectively implement the system.  It would also 
be crucial and possibly difficult to get stakeholder involvement/support as well as 
educate the public about the new system.  These issues can possibly be curtailed by 
emulating the Ohio EPA’s process in which a structured framework encourages 
stakeholder and public support.  The issue of lack of financial support and manpower 
can also be addressed by their system.  Since their process for data collection and 
analysis is so unambiguous they have passed legislation that encourages the collection 
of water quality data by volunteers (Ohio EPA, 2010).  This process helps mitigate costs 
associated with data collection by encouraging NGOs and universities to collect data as 
well as allows the EPA to use existing data that is deemed credible under the legislation.   
Only three of the participants commented as to why they selected yes or no with 
regards to assigning weights based on designated uses of a water body.  The majority of 
the individuals stated that individual pollutants should be based on designated uses of a 
water body (Table 4.4).  Two of the three commenter’s asserted that pollutants and 
their impacts have synergistic effects.  Assigning weights to each individual pollutant 
fails to consider the interactions among pollutants and their effect on a given 
designated use. 
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Table 4.4 Survey Question 7 Aggregated Response Count 
7.  Do you think assigning weights to individual pollutants has to be based on designated 
uses (i.e. support aquatic life or drinking water) of a water body? 
13 Yes 
6 No 
 
Of the 21 surveys only one individual stated they were not very familiar with 
water quality issues in general and two stated they were not familiar with water quality 
issues in Illinois (Table 4.5).  While these individuals stated they were not very familiar 
with water quality issues they were not omitted from the study.  Their job 
title/affiliation indicated that they still could provide considerable knowledge and 
insight to the study 
Table 4.5 Survey Question 8 and 9 Aggregated Response Count 
8.  Please rate your overall knowledge and experiences with water quality issues in 
general. 
8 Very familiar 
12 Familiar 
1 Not very familiar 
9.  Please rate your knowledge and experiences with water quality issues in Illinois. 
8 Very familiar 
11 Familiar 
2 Not very familiar 
 
4.2.4 MEASURES OF CONSENSUS AND DISSENTION 
 Consensus and dissention measures were calculated based on the original 
responses and the revised responses for each designated use (aquatic biota and public 
water supply).  The consensus values based on the original responses for aquatic biota 
ranged from a low value of 34.8% for arsenic to a high value of 82.3% for other habitat 
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alterations.  The minimum value for the revised responses was 37.1% (oil and grease) 
while the maximum value remained the same (Table 4.6).  The last column of Table 4.6 
indicates the percentage of consensus change between the original and revised rates.  
The average change for all pollutants was 2.0%.  While the overall change was relatively 
low, individual pollutants changed substantially.  The percent change ranged from -3.0 
(for PCBs) to 15.6 (for habitat assessment (streams)). 
 The consensus results for public water supply were similar to those of aquatic 
biota.  The original values ranged from 24.9% (fish kills) to 79.8% (fluoride) while the 
revised values ranged from 32.8% (fish kills) to 81.0% (Escherichia coli bacterium).  The 
average change for all pollutants was 3.7% with a range of change from -3.0% (exotic 
species) to 20.4% (lead) (Table 4.7). 
 Out of the initial 21 respondents 13 of them responded to the revisions 
questionnaire during the allotted time period for responding.  Of those individuals 9 
were willing to make revisions to their original rates, 3 stated they were not comfortable 
changing their values, and one individual who originally did not fill out questions 10 and 
11 stated he/she was in agreement with the original aggregated rates.  The range of 
rank revisions made by those 9 individuals was between 1 and 33.   
 For both designated uses the percent change of consensus for individual 
pollutants resulted in some negative values.  While not anticipated these values did not 
affect the overall consensus change from being positive.  In the majority of these cases 
the initial consensus values were either relatively high (above 61.7%) or low (below 
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43.4%).  For those values with high initial consensus it is possible that revising their rate 
actually reduced consensus since respondents were only allowed to assign whole 
numbers.  Negative values for pollutants with low initial consensus may be attributed to 
the fact that respondents were unsure as to how to revise their rates since the initial 
values varied so much. 
 When comparing the consensus values for the two designated uses an 
interesting trend could be seen.  Values for pollutants categorized as physical/biological 
alterations to water bodies were among some of the highest values (above 69.8%) for 
aquatic biota while they were the lowest nine values for public water supply.  This may 
be attributed to the fact that physical/biological alterations may not directly affect 
public water supply, but can be used as an indicator of other problems. (e.g. one expert 
may view fish kills of little concern to public water supply while another may infer that 
something had to kill the fish which might be of concern).          
 Figures 4.5 and 4.6 show the frequency distribution of consensus values for 
aquatic biota and public water supply.  Both figures show that revised consensus values 
improved over the original values.  Overall consensus improved more for public water 
supply as Figure 4.6 shows.  The revised values eliminated all values below 30% and 
increased the frequency of the ranges 60, 70, and 80% consensus values, respectively. 
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Table 4.6 Measures of Consensus and Dissention for Aquatic Biota pre and post Survey 
Responses 
10 Designated Use
Code AQUATIC BIOTA AVG Cns Cns% AVG Cns Cns% Cns%Δ
595 Manganese 3.83 0.63 63.28 3.85 0.66 65.73 2.46
910 Total  Phosphorus 2.12 0.64 64.21 2.00 0.70 69.70 5.49
925 Total  Nitrogen as  N 2.41 0.63 63.50 2.41 0.63 63.50 0.00
750 Sul fates 3.40 0.62 62.06 3.44 0.63 62.82 0.76
597 Si lver 3.62 0.44 44.39 3.57 0.50 50.21 5.83
930 Nitrogen, Nitrate 2.88 0.49 49.00 2.65 0.49 49.03 0.03
3100 Atrazine 2.19 0.61 60.77 2.18 0.71 70.55 9.78
1330 Chlorides 3.20 0.72 71.92 3.18 0.75 74.70 2.78
530 Copper 2.60 0.70 70.46 2.60 0.70 70.46 0.00
580 Zinc 3.15 0.66 66.30 3.15 0.66 66.30 0.00
594 Iron 3.73 0.61 61.09 3.67 0.63 63.38 2.30
560 Mercury 1.82 0.59 58.61 1.65 0.69 68.66 10.05
600 Ammonia  (Unionized) 2.06 0.70 69.62 2.00 0.73 73.00 3.37
610 Nitrogen, ammonia  (Tota l ) 2.12 0.74 74.41 2.18 0.76 76.33 1.92
596 Nickel 3.60 0.77 77.30 3.73 0.76 75.82 -1.49
520 Cadmium 2.82 0.67 66.83 2.73 0.70 70.01 3.19
593 Boron 3.91 0.64 63.74 4.00 0.64 64.00 0.26
800 Fluoride 4.08 0.56 55.97 4.08 0.56 55.97 0.00
41 Polychlorinated biphenols 2.00 0.55 54.57 2.00 0.58 57.82 3.24
9334 Heptachlor 2.50 0.48 48.23 2.54 0.54 54.31 6.08
510 Arsenic 2.38 0.35 34.76 2.46 0.38 37.89 3.12
550 Lead 2.75 0.51 51.18 2.54 0.56 56.18 5.00
720 Cyanide (as  free cyanide) 2.77 0.44 43.65 2.77 0.44 43.65 0.00
1220 Oxygen, Dissolved 1.88 0.51 51.26 1.83 0.52 51.66 0.40
2100 Total  Suspended Sol ids 2.39 0.54 53.88 2.39 0.54 53.88 0.00
1100 Sedimentation/Si l tation 2.22 0.48 48.34 2.17 0.52 51.71 3.37
1710 Total  Feca l  Col i form 2.94 0.50 50.09 2.94 0.50 50.09 0.00
2210 Excess  Alga l  Growth 2.00 0.79 79.47 2.00 0.79 79.47 0.00
1000 pH 2.47 0.66 66.41 2.53 0.69 69.38 2.97
1320 Total  Dissolved Sol ids 3.31 0.67 67.42 3.13 0.71 71.48 4.05
1300 Sal ini ty/TDS/chlorides 2.88 0.69 68.94 2.88 0.69 68.94 0.00
1900 Oi l  and grease 2.65 0.37 37.10 2.65 0.37 37.10 0.00
1720 Escherichia  col i 2.76 0.43 42.69 2.72 0.44 44.07 1.37
400 Non-priori ty organics 3.62 0.67 66.80 3.62 0.67 66.80 0.00
9910 Total  Phosphorus  2.73 0.68 67.60 2.67 0.66 65.90 -1.70
9410 PCBs  1.94 0.67 66.86 2.00 0.64 63.82 -3.04
9560 Mercury 1.65 0.76 75.53 1.65 0.76 75.53 0.00
1111 Pesticides* 1.71 0.77 76.65 1.71 0.77 76.65 0.00
9597 Si lver 3.27 0.59 59.24 3.25 0.62 62.07 2.83
9591 Barium 3.73 0.58 58.31 3.67 0.59 59.22 0.90
9541 Chromium  (tota l ) 3.17 0.58 57.81 3.17 0.58 57.81 0.00
9580 Zinc 3.38 0.77 77.43 3.29 0.75 75.26 -2.17
9596 Nickel  3.46 0.73 73.38 3.46 0.73 73.38 0.00
9520 Cadmium 2.92 0.63 63.03 2.92 0.63 63.03 0.00
9530 Copper 3.08 0.81 81.25 3.00 0.81 80.84 -0.40
9510 Arsenic 3.08 0.51 50.97 3.15 0.55 54.67 3.69
9550 Lead 2.47 0.55 54.93 2.53 0.58 58.02 3.09
9594 Iron 3.83 0.61 61.01 3.83 0.61 61.01 0.00
1610 Habitat Assessment (Streams) 1.63 0.66 66.30 1.38 0.82 81.93 15.63
1620 Habitat Assessment (Lake) 1.75 0.73 73.27 1.56 0.81 81.03 7.77
1500 Other flow a l terations 1.75 0.72 71.99 1.56 0.78 77.74 5.75
2200 Aquatic Plants  Native 2.27 0.74 74.11 2.33 0.76 76.37 2.26
1730 Fish Ki l l s 1.75 0.73 73.27 1.75 0.73 73.27 0.00
2620 Non-Native Fish/animals 1.82 0.72 72.18 1.82 0.72 72.18 0.00
2600 Exotic species 1.65 0.72 72.09 1.65 0.72 72.09 0.00
1600 Other habitat a l teration 2.00 0.82 82.27 2.00 0.82 82.27 0.00
1510 Fish Barriers 2.71 0.66 65.82 2.67 0.70 69.88 4.06
AVERAGE 2.68 0.63 62.87 2.65 0.65 64.89 2.02
Revised ResponseOriginal Response
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Table 4.7 Measures of Consensus and Dissention for Public Water Supply pre and post Survey 
Responses 
11 Designated Use
Code PUBLIC WATER SUPPLY AVG Cns Cns% AVG Cns Cns% Cns%Δ
595 Manganese 3.33 0.62 61.66 3.23 0.61 60.97 -0.69
910 Total  Phosphorus 3.14 0.48 47.75 3.00 0.57 56.73 8.99
925 Total  Nitrogen as  N 2.73 0.55 55.42 2.75 0.58 57.74 2.32
750 Sul fates 3.29 0.64 63.80 3.27 0.66 65.55 1.75
597 Si lver 3.00 0.68 67.93 3.00 0.70 70.07 2.14
930 Nitrogen, Nitrate 2.19 0.65 64.66 2.13 0.67 66.85 2.18
3100 Atrazine 1.53 0.75 74.86 1.47 0.78 78.06 3.20
1330 Chlorides 2.63 0.70 69.77 2.63 0.70 69.77 0.00
530 Copper 2.80 0.59 59.48 2.80 0.66 66.02 6.54
580 Zinc 3.00 0.61 60.78 3.00 0.61 60.78 0.00
594 Iron 3.07 0.56 55.64 3.00 0.61 60.78 5.15
560 Mercury 1.94 0.62 62.16 1.94 0.62 62.16 0.00
600 Ammonia  (Unionized) 2.81 0.56 55.53 2.75 0.58 57.74 2.21
610 Nitrogen, ammonia  (Tota l ) 2.56 0.55 54.75 2.50 0.58 57.93 3.18
596 Nickel 2.93 0.63 62.97 2.86 0.65 65.19 2.22
520 Cadmium 2.21 0.54 53.95 2.21 0.54 53.95 0.00
593 Boron 2.92 0.54 54.02 2.85 0.58 58.16 4.14
800 Fluoride 2.71 0.80 79.76 2.71 0.80 79.76 0.00
41 Polychlorinated biphenols 2.00 0.52 52.06 2.00 0.52 52.06 0.00
9334 Heptachlor 2.07 0.52 51.90 2.00 0.55 55.10 3.19
510 Arsenic 1.56 0.70 69.67 1.50 0.73 73.10 3.43
550 Lead 1.73 0.68 67.78 1.67 0.71 70.92 3.15
720 Cyanide (as  free cyanide) 2.07 0.48 47.94 2.00 0.51 51.20 3.26
1220 Oxygen, Dissolved 3.38 0.44 44.12 3.25 0.46 46.26 2.14
2100 Total  Suspended Sol ids 2.81 0.60 59.88 2.88 0.64 64.15 4.26
1100 Sedimentation/Si l tation 2.75 0.58 57.74 2.75 0.58 57.74 0.00
1710 Total  Feca l  Col i form 1.76 0.65 64.82 1.71 0.67 66.91 2.09
2210 Excess  Alga l  Growth 2.18 0.61 60.62 2.12 0.63 62.79 2.17
1000 pH 2.94 0.57 57.40 2.94 0.62 62.31 4.91
1320 Total  Dissolved Sol ids 2.80 0.77 76.51 2.94 0.79 79.44 2.93
1300 Sal ini ty/TDS/chlorides 2.56 0.69 68.89 2.56 0.75 74.96 6.07
1900 Oi l  and grease 2.44 0.41 41.29 2.44 0.41 41.29 0.00
1720 Escherichia  col i 1.47 0.78 77.73 1.44 0.81 81.03 3.30
400 Non-priori ty organics 2.92 0.65 65.06 2.92 0.65 65.06 0.00
9910 Total  Phosphorus  3.13 0.57 57.06 3.13 0.60 59.52 2.45
9410 PCBs  1.88 0.40 39.82 1.82 0.44 43.87 4.05
9560 Mercury 1.94 0.42 41.54 1.82 0.49 49.15 7.62
1111 Pesticides* 1.76 0.51 51.29 1.71 0.55 54.57 3.28
9597 Si lver 2.85 0.51 51.15 2.79 0.57 57.03 5.88
9591 Barium 2.73 0.44 44.19 2.64 0.47 46.96 2.77
9541 Chromium  (tota l ) 2.36 0.39 38.66 2.27 0.42 41.91 3.26
9580 Zinc 2.82 0.48 48.44 2.73 0.51 51.16 2.72
9596 Nickel  3.00 0.51 51.38 3.00 0.51 51.38 0.00
9520 Cadmium 2.27 0.36 35.59 2.09 0.41 40.79 5.20
9530 Copper 2.80 0.52 51.50 2.80 0.52 51.50 0.00
9510 Arsenic 1.75 0.47 46.53 1.58 0.63 63.44 16.92
9550 Lead 1.83 0.39 39.19 1.58 0.60 59.64 20.44
9594 Iron 3.00 0.54 53.64 3.10 0.56 56.25 2.61
1610 Habitat Assessment (Streams) 2.44 0.27 26.81 2.36 0.35 35.49 8.68
1620 Habitat Assessment (Lake) 2.44 0.27 26.81 2.45 0.37 37.26 10.45
1500 Other flow a l terations 2.67 0.29 29.27 2.64 0.39 39.26 9.98
2200 Aquatic Plants  Native 2.88 0.29 28.58 2.90 0.39 38.75 10.18
1730 Fish Ki l l s 2.40 0.25 24.90 2.36 0.33 32.84 7.95
2620 Non-Native Fish/animals 3.44 0.41 40.85 3.09 0.40 40.35 -0.50
2600 Exotic species 3.33 0.43 43.38 3.09 0.40 40.35 -3.03
1600 Other habitat a l teration 2.78 0.36 36.16 2.64 0.35 35.41 -0.75
1510 Fish Barriers 3.29 0.34 34.28 3.40 0.39 38.96 4.68
AVERAGE 2.56 0.53 52.79 2.51 0.56 56.46 3.67
Revised ResponseOriginal Response
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Figure 4. 5 Frequency Distribution of Consensus Values for Aquatic Biota 
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Figure 4. 6 Frequency Distribution of Consensus Values for Public Water Supply 
 
 
4.3 WATERSHED PRIORITIZATION 
 Figure 4.7 illustrates the prioritization of Illinois HUC-10 watersheds based off 
the 2004 CWA 303(d) list using the processes described in Section 1.3.  Figure 4.8 
depicts the prioritization of Illinois HUC-10 watersheds based on Illinois water quality 
expert’s responses to the Delphi survey.  Upon first inspection it appears that there was 
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little overall change in prioritization between Figures 4.7 and 4.8 with the exception of 
the Fox and Des Plaines River watersheds.  The respondent’s weights produced higher 
rankings for those regions than the IEPA.  Figures 4.9 and 4.10 present the changes in 
prioritization between the IEPA and the respondents.  Figure 4.9 shows the overall 
percent change between the two prioritization schemes.  Again, the major changes 
occurred in the Fox and Des Plaines watersheds.  To further identify the distribution of 
change between prioritization schemes a map of standard deviation (STDEV) was 
created (Figure 4.10).  This map helps identify the watersheds with the greatest overall 
change between the two prioritization schemes.  
 Figure 4.8 correlates with the opinions provided by water quality experts to 
Question 2 relating to what region(s) of the state needs the greatest attention.  
Respondents stated that urbanized regions like those watersheds surrounded by the Fox 
and Des Plaines River need attention.  Figure 4.10 depicts the opinions of the water 
quality experts in which the previously mentioned regions are ranked higher than those 
proposed by the IEPA.  A few respondents stated that the Illinois River Basin should be 
ranked higher and needs more attention in terms of water quality management.  Figures 
4.8 and 4.10 do not explicitly show that the Illinois River watersheds were ranked higher 
by the respondents or the IEPA.  Other than the Fox and Des Plaines River watersheds 
there was little overall spatial distribution of watershed prioritization.  Both the IEPA 
and respondents ranking have high priority watersheds bordering low priority 
watersheds.  The same stochastic distribution can be seen in Figure 4.10 in which two 
watersheds having one of the largest range of standard deviation are bordering each 
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other (Ramsey Creek and East Fork Shoal Creek Watersheds). Due to data constraints 
associated with the IEPA 2004 CWA 303(d) dataset there are a few HUC-10 watersheds 
missing the impairment data. 
While the results of this study are only preliminary they can be very beneficial to 
the state and other individuals who attempt to manage water quality.  Ott’s (1978) 
analysis of environmental indices identified three main applications of WQIs: analysis of 
water quality trends, preparation for CWA 305(b), and informing the public.  This study 
achieves all three of these applications.  Since the rates used to establish watershed 
priority are quantitative they can be used to analyze water quality trends over time.  
This study’s methodology can identify smaller changes to water quality at the watershed 
scale since each pollutant per impairment is assigned a value instead of summing the 
total number of impairments per watershed.  This can also be very useful to monitor 
water quality trends of individual watersheds.  The final and possibly most important 
application of WQIs is to disseminate information to the public.  Indices can be used to 
aggregate a substantial amount of complicated data and graphically depict it in a matter 
in which the average citizen can understand without compromising the validity of the 
data.             
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Figure 4. 7 IEPA HUC-10 Watershed Prioritization, 2004 
 
57 
 
 
 
Figure 4. 8 Illinois HUC-10 Watershed Prioritization Based off Illinois Water Quality Experts 
Responses 
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Figure 4. 9 Percent Change Between IEPA and Illinois Water Quality Expert Prioritization for 
Illinois HUC-10 Watersheds 
59 
 
 
 
 
Figure 4. 10 Standard Deviation of IEPA and Illinois Water Quality Expert Prioritization for Illinois 
HUC-10 Watersheds  
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Table 4. 8 Frequency Distribution of Pollutants per Standard Deviation Category 
Cause 
Code Cause
Aquatic 
Biota
Public 
Water 
Supply
>1.5 
(n=2)
.5_1.5 
(n=79)
.5*_1.5* 
(n=17*)
-.5_-1.5 
(n=38 )
-1.5_-2.5 
(n=12)
<-2.5 
(n=10)
9910 Total Phosphorus 9000 2.7 3.1 212 100 42 4
9597 Silver 9000 3.3 2.8 4 2
9596 Nickel 9000 3.5 3.0 3 3
9594 Iron 9000 3.8 3.1 0
9591 Barium 9000 3.7 2.6 5 4 1
9580 Zinc 9000 3.3 2.7 1 0 1
9560 Mercury 9000 1.6 1.8 52 24 2 4
9550 Lead 9000 2.5 1.6 0
9541 Chromium  (total) 9000 3.2 2.3 2 2
9530 Copper 9000 3.0 2.8 1 1
9520 Cadmium 9000 2.9 2.1 1 0
9510 Arsenic 9000 3.2 1.6 0
9410 PCBs 9000 2.0 1.8 133 65 12 1 7
9334 Heptachlor 2.5 2.0 3 3 1
3100 Atrazine 2.2 1.5 5 0 11 2
2620 Non-Native Fish/animals 1.8 3.1 7 7 1
2600 Exotic species 1.6 3.1 4 4
2210 Excess Algal Growth 2.0 2.1 2 68 44 38 6 1
2200 Aquatic Plants Native 2.3 2.9 13 9 1
2100 Total Suspended Solids 2.4 2.9 2 170 94 46 8
1900 Oil and grease 2.6 2.4 2 2
1730 Fish Kills 1.8 2.4 5 0 1
1720 Escherichia coli 2.7 1.4 0
1710 Total Fecal Coliform 2.9 1.7 72 42 17 3
1620 Habitat Assessment (Lake) 1.6 2.5 75 70 5
1610 Habitat Assess (Streams) 1.4 2.4 123 38 15 2 1
1600 Other habitat alteration 2.0 2.6 1 0 1 1
1510 Fish Barriers 2.7 3.4 0 1
1500 Other flow alterations 1.6 2.6 47 42
1330 Chlorides 3.2 2.6 22 20
1320 Total Dissolved Solids 3.1 2.9 69 32 2 1
1300 Salinity/TDS/chlorides 2.9 2.6 19 4
1220 Oxygen, Dissolved 1.8 3.3 1 160 55 43 3
1111 Pesticides 1.7 1.7 84 54 5
1100 Sedimentation/Siltation 2.2 2.8 2 125 38 34 6
1000 pH 2.5 2.9 40 17 17 1
930 Nitrogen, Nitrate 2.6 2.1 2 12 6 11 3 2
925 Total Nitrogen as N 2.4 2.8 84 29 12 2
910 Total Phosphorus 2.0 3.0 2 89 63 33 6
800 Fluoride 4.1 2.7 4 3
750 Sulfates 3.4 3.3 27 0 4
720 Cyanide (as free cyanide) 2.8 2.0 0
610 Nitrogen, ammonia (Total) 2.2 2.5 3 2 1
600 Ammonia (Unionized) 2.0 2.8 10 2 1
597 Silver 3.6 3.0 32 18 2
596 Nickel 3.7 2.9 8 4
595 Manganese 3.8 3.2 46 1 64 10 8
594 Iron 3.7 3.0 8 3 2 1
593 Boron 4.0 2.8 5 0 1
580 Zinc 3.2 3.0 14 9
560 Mercury 1.6 1.9 1 14 5
550 Lead 2.5 1.7 1 1
530 Copper 2.6 2.8 10 3 5
520 Cadmium 2.7 2.2 3 1
510 Arsenic 2.5 1.5 1 1
410 Polychlorinated biphenols 2.0 2.9 5 5
400 Non-priority organics 3.6 2.0 1 1
*= Subgroup of standard deviation category .5_1.5 comprised of Fox and Des Plaines River watersheds
Standard Deviation Cause CountWeights
9000= pollutant found in sediment                                                                                                                                                                                                                              
Bold numbers indicate top 5 pollutantes per catagory, red numbers indicate pollutant with greatest 
frequency per catagory                                                                                                                                      
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 Table 4.8 further breaks down Figure 4.10 which shows the distribution of 
change between the IEPA and respondent’s watershed priority ranks.  Watersheds with 
positive standard deviations indicate that respondents ranked the watersheds higher 
than the IEPA and vice versa.  There were only 2 watersheds that were greater than 1.5 
standard deviations so it was difficult to determine if any trends exist.  The greatest 
number of watersheds (n=79) were categorized as being between .5 and 1.5 standard 
deviations.  The pollutant with the greatest frequency within these watersheds was 
phosphorous (sediment).  This category was further analyzed to identify if any trends 
exist between those watersheds clustered around the Fox and Des Plaines Rivers in 
relation to all the .5 to 1.5 STDEV watersheds.  These watersheds were relatively similar 
to the grouping as a whole in that total phosphorous (sediment) and total suspended 
solids were the two greatest frequencies; however there were a few differences.  
Dissolved oxygen, sediment/siltation, and habitat assessment (streams) occurred more 
frequently in all the .5 to 1.5 STDEV watersheds while excess algal growth and habitat 
assessment (lakes) occurred more in the selected ones.   
 All three negative standard deviation categories had manganese as the pollutant 
with the greatest frequency of occurrence.  The overall frequency distribution of 
pollutants between -.5 and -1.5 STDEV and -1.5 and -2.5 STDEV watersheds was similar 
with the exception of DO and pH which occurred more in -.5 to -1.5 STDEV watersheds. 
Total suspended solids were the second greatest frequency for all the STDEV categories 
except those less than -2.5.     
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There was roughly the same number of watersheds with positive (n=81) and 
negative (n=77) STDEV values; however there was a greater range of negative values.  
This signifies that there is greater discontinuity between the IEPA and Illinois water 
quality experts.  Those watersheds ranked higher by the IEPA than the respondents 
were significantly higher than watersheds ranked higher by the respondents than the 
IEPA.      
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CHAPTER 5 
CONCLUSION 
 
5.1 SUMMARY 
 Water quality and management has been an important issue since the 
settlement of man and will continue to have social, environmental, and economic 
significance well into the future.  The United States Congress first recognized the value 
of unpolluted to our nation’s well being in 1972 with the passage of the Federal Water 
Pollution Control Act (formally the Clean Water Act).  This act forced states to 
implement water quality standards and report to the federal government all water 
bodies not meeting WQSs.  All sites in excess of WQSs are to be placed on the CWA 
303(d) list and prioritized for TMDL development.   
This study has contributed to the field of water quality management by exploring 
an alternative method for prioritizing impaired water bodies based on the number and 
severity of pollutants.  All impaired water bodies listed on the Illinois CWA 303(d) data 
from 1992-2004 were analyzed in this study.  The Delphi method was used to compile 
the opinions of water quality management experts throughout the state of Illinois.  The 
study has identified shortcomings of our current water quality policy, pollution sources 
of greatest concern, watersheds of greatest concern, as well as address the severity of 
individual pollutants.  Microsoft Excel and ArcMap were used to spatially analyze the 
data and determine if any trends exist in relation to the IEPA and respondent’s 
watershed priority, watershed location, and proximity to major river systems.  This 
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study was not intended to discredit the work and findings of the IEPA, but rather 
determine if a consensus can be achieved among a group of knowledgeable individuals.     
 
5.2 SURVEY RESULTS 
 The survey identified four major shortcomings of Illinois’ current approach to 
water quality: 1) funding and manpower, 2) lack of coordination/monitoring, 3) failure 
to regulate point source, and 4) lack of biological monitoring.  The respondents 
identified that the entire state needs attention in terms of water quality improvement 
and that agriculture and urban runoff are the most important non-point sources of 
pollution/impairment.  They rated our current prioritization system as being between 
“average” and “good” and identified that a weighting scheme could be feasible as long 
as it received adequate funding and stakeholder support.  The measure of consensus 
derived from participant’s rates for each pollutant and designated use varied 
significantly; however, the overwhelming majority of consensus values improved after 
participants were asked to revise their original responses in an effort to move towards 
central tendency.  When mapped neither the IEPA nor the prioritization scheme set 
forth in this study showed spatial correlations with regards to landuse/landcover, 
population density, or proximity to major river systems with exception to the Fox and 
Des Plaines River watersheds.   
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5.3 RECOMMENDATIONS 
 This study could benefit from a larger group of water quality experts residing in 
the state of Illinois.  While the 21 individuals who participated in the study had varying 
water quality backgrounds and came from various parts of the state, this like all studies 
could benefit from the knowledge gained by increasing the number of participants.  It 
may also be beneficial to ask the participants to re-evaluate their responses one more 
time based on the revised aggregate rates since Dalkey and Helmer (1963) state that 
widely divergent opinions will show a tendency to converge as the experiment 
continues.  
 The main parameter of this study was causes of impairment and their relative 
significance of being in excess of WQS for a given designated use.  Future studies could 
build upon this research by incorporating other factors or indices that affect or analyze 
water quality.  The IEPA identifies 4 other designated uses that were not addressed.  
This research only examines water quality from a chemical perspective and could 
benefit from incorporating biologic indices such as those discussed in section 2.5.3.  
Future experiments could benefit from assigning specific concentrations to each 
pollutant weight for a given designated use (e.g. Table 2.1 & 2.3).  Finally, the study 
could benefit from further spatial analysis of impairments and their watersheds.  In the 
future possibly account for watershed size, HUC-10 watersheds range from being as 
small as the Wyaconda River watershed (0711000109) at 9320 acres to the Willow 
Creek-Green River watershed (0709000701) at 289254 acres.  If prioritization is based 
on the sum of impairments per watershed, large watershed can be disproportionately 
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ranked high solely based on the fact that they have more surface water area, increasing 
the probability of containing an impairment.  Stream order could also be an important 
parameter since as Wickham et al. (2007) points out large streams have a low recovery 
potential since upstream tributaries need to be mitigated before they can be assessed.  
An almost endless amount of metrics can be used to assess water quality; however, 
increasing the number of metrics and complexity of a study can introduce greater 
uncertainty.  
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APPENDIX A 
WATER QUALITY INDICES 
A1.1 Compilation of Water Quality Index Variables  
N
SFW
Q
I
W
EPW
Q
I
O
W
Q
I
N
W
Q
I
O
W
Q
I
FA
W
LW
Q
I
PW
SW
Q
I
W
Q
I
EW
Q
I
KM
B
W
Q
I
V
W
Q
I
R
SW
Q
I
IN
W
Q
I
W
U
W
Q
I
FW
Q
I
PW
SI
A
TI
PSI
W
W
Q
I
PIIP
IW
PI
Alka l ini ty
Alkly benzene
Aluminum
Ammonia  (Tota l )
Arsenic
Atrazine
Bicarbonate
Biologica l  divers i ty
BOD
Boron
Cadmium
Calcium
Carbon chloroform extract
Carbon (Tota l  organic)
Chemica l  oxygen demand
Chloride
Chlorpyri fos
Chromium
Color
Conductivi ty
Copper
Cyanide
DO
Escherichia coli
Fecal  col i form
Fish toxici ty
Flouride
Hardness
Herbicides
Hydrocarbons  (Tota l )
Iron
Lead
Magnes ium
Manganese
Mercury
Nitrates
Oi l -grease
PAH
Pathogens
Permanganate
Pesticides
pH
Phenols
Phosphate (Tota l  PO4)
Radioactivi ty
Selenium
Sewage treatment
Si l ica
Sol ids  (Suspended)
Sol ids  (Tota l )
Sul fate
Temperature
Turbidi ty
Zinc
 
74 
 
 
 
A1.2 Water Quality Indices Acronyms 
NSFWQI National Sanitation Foundation Water Quality 
Index 
Said et al., 2004 
WEPWQI Watershed Enhancement Program Water 
Quality Index 
Said et al., 2004 
AOWQI An Objective Water Quality Index Cude, 2001 
NWQI A New Water Quality Index Schaeffer & Janardan, 
1977 
OWQI Oregon Water Quality Index Ralph, 1974 
FAWLWQI Fish and Wildlife Population Water Quality Index Brown et al., 1972 
PWSWQI Public Water Supply Water Quality Index Brown et al., 1972 
WQI Water Quality Index Brown et al., 1970 
EWQI European Water Quality Index Boyacioglu, 2007 
KMBWQI Kucuk Menderes Basin Water Quality Index Boyacioglu, 2010 
VWQI Virginia Water Quality Index Fredrick & Younos, 2007 
RSWQI River and Stream Water Quality Index Smith, 1989 
INWQI Index Number Water Quality Index Horton, 1965 
WUWQI Water Use Water Quality Index Dinius, 1987 
FWQI Florida Stream Water Quality Index Said et al., 2004 
PWSIWQI Potable Water Supply Index House, 1989 
ATI Aquatic Toxicity Index House,1989 
PSI Potable Sapidity Index House, 1989 
WWQI Washington Water Quality Index Fredrick & Younos, 2007 
PIIP Prati’s Implicit Index of Pollution Prati et al., 1971 
IWPI Illinois Water Pollution Index USEPA, 1978 
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APPENDIX B 
ILLINOIS WATER QUALITY SURVEY COVER LETTER 
 
Dear________, 
I am a Masters student in the Department of Geography and Environmental 
Resources at Southern Illinois University Carbondale.  I am soliciting your help in 
completing a survey on water quality management in Illinois as part of my master’s 
thesis.  The purpose of the enclosed survey is to gain expert knowledge on the 
significance and severity of water pollutants and their affects on two designated uses: 
aquatic biota and public water supply. 
Illinois currently prioritizes impaired water bodies in a two step process. Step 
one assigns high priority to watersheds containing one or more waters not supporting 
public and food processing waters; medium priority to waters not supporting aquatic 
life, fish consumption, and primary contact; and low priority to watersheds not 
supporting aesthetic quality.  Step two prioritizes the overall severity of pollution.  This 
is done by summing all the potential causes/pollutants in a watershed.  The watersheds 
with more potential causes of impairment are given the highest priority.  The aim of my 
study is to see if there is an alternative or more efficient method for prioritizing 
impaired watersheds.  
You were selected to participate in this study because of your expertise in the 
field of: water chemistry, ecotoxicology, ecology, or biology.   A blind copy format will be 
used so that the list of recipients will not appear in the header.  
Please fill out the survey to the best of you ability and if at any time you are not 
comfortable answering a question leave it blank (enter a 0 for question 10&11).  If you 
are not interested in completing this survey, or feel your field of expertise does not 
pertain to the survey please let me know so I can remove you from my mailing list. 
The survey will take 15 to 20 minutes to complete.  All your responses will be 
kept confidential within reasonable limits.  Only people directly involved with this 
project will have access to the surveys.  The surveys will be deleted following 
completion of my research. 
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Completion and return of this survey indicate voluntary consent to participate in 
this study.  Questions about this study can be directed to me or to my supervising 
professor, Dr. Ben Dziegielewski, Department of Geography and Environmental 
Resources, SIUC, Carbondale, IL  62901.  (4514 SIU mailcode) 
Phone (618) 453-6021.   
 
 
Thank you for taking the time to assist me in this research. 
 
 Daniel J. Jablonski 
 (630) 913-1105 
 djablon@siu.edu 
 
This project has been reviewed and approved by the SIUC Human Subjects Committee.  
Questions concerning your rights as a participant in this research may be addressed to 
the Committee Chairperson, Office of Research Development and Administration, SIUC, 
Carbondale, IL 62901-4709.  Phone (618) 453-4533.  E-mail:  siuhsc@siu.edu 
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teachag.net 
APPENDIX C 
ILLINOIS WATER QUALITY SURVEY AND RESPONSES 
Name:      
Job Title/Affiliation:      
Email:      
       Save upon completion and send as an attachment 
1. What are some of the major shortcomings (if any) of the current approach to protect 
water quality for the aquatic environment, economy, and public health in Illinois?   
 Lack of proper water pricing. Lack of coordinated, watershed management response to 
existing problems. Lack of investment in long-term protection strategies 
 Not enough high resolution monitoring - decisions often based on a few samples plugged 
into a model which is necessary b/c of limited manpower but doesn't reflect the complexity 
of most aquatic systems  
 Lack of established standards; lack of specifics in watershed planning - objectives are not 
often tied to project locations and therefore difficult to implement.  Cultural, fear of 
government  
 More emphasis on point source, failure to regulate (not incentivize, regulate) agriculture  
 Not all streams are assessed 
 Over-emphasis on water quality, and lack of emphasis on biotic monitoring (fish IBI, 
macroinvertebrate IBI) for stream health. 
 The single most important shortcoming is the lack of authority to regulate non-point sources 
of pollution. 
 Adequate monitoring; setting of nutrient limits 
 Standards need to be more focused on biological targets and physical habitat quality needs 
to be more of a focus rather than just concentrations of pollutants 
 Need to apply standards for pesticides and nutrients 
 Step 2 is somewhat fuzzy because the severity of pollutants varies according to several 
factors which include the dilution rates of pollutants, their impacts on various aquatic 
species which itself varies according to species, and also the effects of COD and BOD levels of 
water. I also think that some of the organisms that fall within medium priority in step one 
should be upgraded to high priority; for instance fish and other edible aquatic organisms. 
 Money!  Staff! the inability to fully implement protection/restoration/planning projects in 
Illinois waters.  The inability of local units of government to lead these activities, both 
funding and knowledge. 
 Control of nonpoint source pollution 
 Lack of tiered aquatic life use categories and designations.  Lack of water body type 
classifications and associated attainment criteria. 
 Lack of sampling for biological communities in the largest and smallest streams in the state. 
IEPA does a poor job in both areas. The current 20 jab method for biological sampling and 
subsequent 300 ct subsample will not find rare or sensitive species; hence, the data are 
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largely useless for protection of biodiversity. The use of a statewide standard for "good" 
values on which the Macroinvertebrate Index of Biotic Integrity is based is laughable. There 
should be some regionalization of values, for instance, the Shawnee Hills, the Vermilion 
River basin (of Wabash), and Kankakee River basin would not be well protected using a 
statewide rating system. 
 Stream erosion and associated sediment transport is undermining water quality but not 
Programmatically addressed with any logic. 
 1) Lack of non-point pollution control. 2) Inability to effectively prioritize where WQ 
protection/improvement is needed most. 3) Inability to distinguish physical from chemical 
effects as regards WQ impairment. 
 Lack of water quality criteria and TMDLs 
 Funding is the biggest shortcoming but also a tremendous backlog of samples that need to 
be processed and a valuable pool of data that need to be synthesized (probably tied to 
funding).  An additional shortcoming is the lack of coordination between federal, state, 
county, municipal, and private.  There is a lot of duplication of effort with not much to show 
for it. 
  
 
2. According to your knowledge, what region(s) of the state (use #s from underlying 
map) needs the most attention in terms of water quality improvement? 
 Generally, all parts of the state need significant attention, although the source of the 
problems in those areas vary widely. 
 12-15, lower IL River 
 Cannot really answer this - most areas need some type of attention 
 6, 7, 8, 9, 12, 13, 14 
 8 and 23 
 The urbanized areas (#8, etc.). 
 Central corn belt plains and the urban/suburban northeastern parts of the state, 
  (8), and grand prairie region (north and central ag region) 
 6, 7, 9, 13 
 23, 24 
 9, 10, 16, 1, 18, 7, 6, 1, 2, 12, 14, 11, 13, 15, 19, 20, 
 11-20, 22, 8 
 There is a Use Attainability Analysis being undertaken in area 8 (Chicago River) where 
citizens actually want better water quality Standards in force.  The MWRDGC is resisting this 
movement. 
 They all need improvement, with the exception of the bottom half of #24 and #25. 95% of all 
streams in #8 a grossly polluted and not capable of supporting any species that are sensitive 
to low dissolved oxygen--organic enrichment. 
 1-5 and 11-15 
 Easy answer is region 8, but plenty of WQ problems exist throughout the rest of the state as 
well. 
 ll state, especially Mississippi corridor and Chicago area (e.g. Illinois River) 
 8 
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3. Are you aware of any current or past approaches to water quality management (local, 
national, or international) that the State of Illinois could emulate? (briefly explain)  
 Comprehensive watershed planning and management principles; investing in long-term, 
optimization strategies for improved performance 
 Other states with established standards - Michigan? 
 There should be  interstate Kanakakee, Fox, Wabash, and Rock river basin commissions with 
regulatory authority 
 Ohio EPA, others 
 Constructed wetlands 
 Mandatory stream buffers, apply nutrient standards, water table management, local ag 
runoff retention, STP finishing wetlands 
 The State of Ohio has an excellent program of rating the stream water quality. 
 I would assume that the Ohio EPA approach is the best in the region for monitoring. 
 Statewide assessment of stream systems is needed and priority areas need to be targeted 
for channel restoration such that the segments are restored and in hydrologic balance with 
the watershed conditions (slope, sediment load, textural class, etc… 
 Ohio's and California 
 Ohio EPA adopted a water quality management plan in the early 1990s that is still in place 
today and has been emulated by other states, with varying degrees of success 
 
4. In your opinion, what is the most important source of water pollution/impairment?  
(briefly explain) 
18Agriculture 
8Urban runoff 
4Municipal point sources 
5Bank/shoreline modification 
7Channelization 
     Other (specify):      
Explanation:  
 Non-point source pollution in IL poses the most widespread threat and is the most difficult 
to manage and regulate. 
 In urban areas, it is urban runoff and municipal point sources - everywhere else it is 
agriculture and municipal point sources from small communities 
 It's adequate, but simply classifies the water body without specifying what should be done 
to address problems. 
 Just because the overwhelming majority of IL land is in Ag 
 One problem is that we do not account for hydrologic impacts (excessive high flows, then 
extreme low flows due to imperviousness) 
 Agriculture includes impacts from channelization, bank modification, water flashyness, and 
the other direct inputs of agriculture. 
 I think in many cases it is impossible to separate these out 
 Water quaility in the rural surface waters especially in 9 and 16 is among the worst I have 
seen 
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 Point sources have been largely dealt with through the NPDES program.  Non point has not 
due to the weakness in the Clean Water Act. 
 This is a difficult question to not write a book on. Agriculture is by far the most important 
factor and it generally come along with channelization and the tiling of fields to increase 
drainage. The streams are straight as an arrow in much of the northern 2/3 of the state, 
devoid of natural riparian vegetation, and with the high load of nitrogen and sometimes 
phosphorus getting into the streams, algae blooms are problematic. These can then lead to 
wide swings in dissolved oxygen over the course of the day. Channelization and tiling lead to 
changes in hydrology and hydraulics in the stream. Streams in the Grand Prairie are often 
flushed of organisms, often being rolled up in vast ball of Chladophora. In some of the larger 
rivers of Chicagoland (Fox comes to mind) the series of sewage treatment plants probably 
provide most of the flow in the summer. Heavy rains lead to overwhelmed sewage 
treatment plants and release of raw sewage. 
 Each one could be the most important source for a particular water body. 
 Only because Ag dominates land use in much of the state. 
 I chose both agriculture and urban runoff as the most important source(s) because the most 
of its dependence on where you are in Illinois 
 
5. What is your assessment of the current system of prioritizing impaired water bodies in 
Illinois? 
0Excellent 
8Good 
7Average 
1Fair 
1Poor 
Explanation: 
 Probably is the best we can do at this time 
 I would like to see more emphasis on storm sampling  - the way they are prioritized are fine, 
it’s the underlying data that could be improved upon 
 I'm not sure where the process you describe is in play.  for TMDL development we prioritize 
impaired waters based on if there is a Public Water Supply use impairment, those are high 
priority, after that we would look at number of impairments for priority.  However, these 
priorities are for TMDL development and don't necessarily translate to other programs. 
 It seems the rating systems are too vague-supporting vs non-supporting leaves a lot to be 
desired. 
 We have many impaired bodies of water. The IEPA is doing the best they can with limited 
resources. 
 IEPA has a fairly rigorous system, although their categories should be expanded to include a 
few more metrics 
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6. In your opinion, how feasible is the development of weights for individual pollutants 
and other causes of impairment for prioritizing Illinois’s 303(d) list of impaired water 
bodies? 
5Very feasible 
9Could be feasible if (please specify): 
 Will take a lot of effort and some of these are moving targets.  I'm also not sure it is the best 
approach 
 Could be difficult because pollutant impairments may differ regionally in their impact on the 
ecosystem.  Also, impacts in small streams vs. large rivers differ. 
 Done in an appropriate manner 
 Would have to be different for water bodies in various land-use areas or with different types 
of uses 
 More data were available. 
 Process is explained clearly to the public 
 Enough resources are devoted to developing a weighting system palatable to most 
stakeholders 
 Not enough financial support 
 In line with my response to Question 5, a more holistic approach is needed 
1Not feasible because (please specify):      
 Pollutants are not the main cause of poor water quality/habitat quality.  It's a landscape 
problem. 
 
7. Do you think assigning weights to individual pollutants has to be based on designated 
uses (i.e. support aquatic life or drinking water supply) of a waterbody?  
13Yes 
6No 
Comments: 
 Pollutants should be considered separately; they have different effects, separately and in 
combination. 
 Some impacts are synergistic. 
 Yes, but separate weighting schemes should be developed for each. 
 
8. Please rate your overall knowledge and experiences with water quality issues in general. 
8Very familiar 
15Familiar 
1Not very familiar 
 
9. Please rate your knowledge and experiences with water quality issues in Illinois. 
8Very familiar 
11Familiar 
2Not very familiar 
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10. Please assign a weight of 1-5 (1 being of greatest concern, 5 being least) for how critical 
it is for a cause/pollutant to be in excess of violation with regard to ‘Aquatic Biota’.  
Assign a 0 to any you are not sure how to answer. 
Cause 
Count Cause/Pollutant Name 
Aquatic Biota 
Designation   
Cause 
Count Cause/Pollutant Name 
Aquatic Biota 
Designation 
199 Manganese        
 
363 Total Phosphorus         
174 Total Phosphorus        
 
280 PCBs         
150 Total Nitrogen as N        
 
114 Mercury         
50 Sulfates        
 
99 Pesticides*        
45 Silver        
 
8 Silver         
45 Nitrogen, Nitrate        
 
7 Barium         
27 Atrazine        
 
4 Chromium  (total)         
26 Chlorides        
 
4 Zinc         
25 Copper        
 
4 Nickel         
21 Zinc        
 
3 Cadmium         
21 Iron        
 
3 Copper         
18 Mercury        
 
2 Arsenic         
14 Ammonia (Unionized)        
 
2 Lead         
10 Nitrogen, ammonia (Total)        
 
1 Iron         
9 Nickel        
 
238 Habitat Assessment (Streams)        
7 Cadmium        
 
91 Habitat Assessment (Lake)        
6 Boron        
 
76 Other flow alterations        
6 Fluoride        
 
28 Aquatic Plants Native        
5 Polychlorinated biphenols        
 
12 Fish Kills        
4 Heptachlor        
 
12 Non-Native Fish/animals        
1 Arsenic        
 
6 Exotic species        
1 Lead        
 
4 Other habitat alteration        
1 Cyanide (as free cyanide)        
 
3 Fish Barriers        
312 Oxygen, Dissolved        
 
  Pollutant in Water Column   
325 Total Suspended Solids        
 
  Pollutant in Water Column   
270 Sedimentation/Siltation        
 
  Pollutant In Sediment   
189 Total Fecal Coliform        
 
  Physical/Biological Alterations   
179 Excess Algal Growth        
   
  
113 pH        
   
  
95 Total Dissolved Solids        
   
  
25 Salinity/TDS/chlorides        
   
  
4 Oil and grease        
   
  
2 Escherichia coli        
   
  
1 Non-priority organics        
   
  
Cause count represents the summation of all Illinois watershed (HUC-10) in which a given cause/pollutant was in excess of standards 
*Pesticides encompasses the following: DDT, Aldrin, Hexachlorobenzene, Chlordane, Dieldrin, Methoxychlor, Endrin, & Lindane 
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11. Please assign a weight of 1-5 (1 being of greatest concern, 5 being least) for how critical 
it is for a cause/pollutant to be in excess of violation with regard to ‘Public & Food 
Processing Water Supply’.  Assign a 0 to any you are not sure how to answer. 
Cause 
Count Cause/Pollutant Name 
Public & Food Water 
Supply Designation   
Cause 
Count Cause/Pollutant Name 
Public & Food Water 
Supply Designation 
199 Manganese        
 
363 Total Phosphorus         
174 Total Phosphorus        
 
280 PCBs         
150 Total Nitrogen as N        
 
114 Mercury         
50 Sulfates        
 
99 Pesticides*        
45 Silver        
 
8 Silver         
45 Nitrogen, Nitrate        
 
7 Barium         
27 Atrazine        
 
4 Chromium  (total)         
26 Chlorides        
 
4 Zinc         
25 Copper        
 
4 Nickel         
21 Zinc        
 
3 Cadmium         
21 Iron        
 
3 Copper         
18 Mercury        
 
2 Arsenic         
14 Ammonia (Unionized)        
 
2 Lead         
10 Nitrogen, ammonia (Total)        
 
1 Iron         
9 Nickel        
 
238 Habitat Assessment (Streams)        
7 Cadmium        
 
91 Habitat Assessment (Lake)        
6 Boron        
 
76 Other flow alterations        
6 Fluoride        
 
28 Aquatic Plants Native        
5 Polychlorinated biphenols        
 
12 Fish Kills        
4 Heptachlor        
 
12 Non-Native Fish/animals        
1 Arsenic        
 
6 Exotic species        
1 Lead        
 
4 Other habitat alteration        
1 Cyanide (as free cyanide)        
 
3 Fish Barriers        
312 Oxygen, Dissolved        
 
  Pollutant in Water Column   
325 Total Suspended Solids        
 
  Pollutant in Water Column   
270 Sedimentation/Siltation        
 
  Pollutant In Sediment   
189 Total Fecal Coliform        
 
  Physical/Biological Alterations   
179 Excess Algal Growth        
   
  
113 pH        
   
  
95 Total Dissolved Solids        
   
  
25 Salinity/TDS/chlorides        
   
  
4 Oil and grease        
   
  
2 Escherichia coli        
   
  
1 Non-priority organics        
   
  
Cause count represents the summation of all Illinois watershed (HUC-10) in which a given cause/pollutant was in excess of standards  
*Pesticides encompasses the following: DDT, Aldrin, Hexachlorobenzene, Chlordane, Dieldrin, Methoxychlor, Endrin, & Lindane 
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12. Additional comments:      
 
 
 
 
 
 
 
 
 
APPENDIX D 
CAUSE AND SOURCE COUNT OF 303(D) IMPAIRMENTS 
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D 1.1 Revised Rate Counts and Measures of Consensus and Dissention for Aquatic Biota 
Cause 
Code
Cause 
Count AQUATIC BIOTA AVG 1 2 3 4 5 SUM Cns Cns% Dnt Dnt%
595 199 Manganese 3.833 0 1 4 3 4 12 0.633 63.276 0.37 36.72
910 174 Total Phosphorus 2.118 6 4 6 1 0 17 0.642 64.214 0.36 35.79
925 150 Total Nitrogen as N 2.412 4 4 7 2 0 17 0.635 63.499 0.37 36.50
750 50 Sulfates 3.400 0 3 6 3 3 15 0.621 62.061 0.38 37.94
597 45 Silver 3.615 2 1 1 5 4 13 0.444 44.389 0.56 55.61
930 45 Nitrogen, Nitrate 2.882 4 2 5 4 2 17 0.490 48.997 0.51 51.00
3100 27 Atrazine 2.188 5 5 5 0 1 16 0.608 60.769 0.39 39.23
1330 26 Chlorides 3.200 0 3 7 4 1 15 0.719 71.920 0.28 28.08
530 25 Copper 2.600 0 9 3 3 0 15 0.705 70.462 0.30 29.54
580 21 Zinc 3.154 1 2 4 6 0 13 0.663 66.299 0.34 33.70
594 21 Iron 3.733 0 3 2 6 4 15 0.611 61.085 0.39 38.91
560 18 Mercury 1.824 10 1 5 1 0 17 0.586 58.608 0.41 41.39
600 14 Ammonia (Unionized) 2.063 5 6 4 1 0 16 0.696 69.624 0.30 30.38
610 10 Nitrogen, ammonia (Total) 2.118 4 7 6 0 0 17 0.744 74.413 0.26 25.59
596 9 Nickel 3.600 0 1 2 7 0 10 0.773 77.301 0.23 22.70
520 7 Cadmium 2.818 1 3 4 3 0 11 0.668 66.827 0.33 33.17
593 6 Boron 3.909 0 1 3 3 4 11 0.637 63.736 0.36 36.26
800 6 Fluoride 4.077 0 2 2 2 7 13 0.560 55.971 0.44 44.03
41 5 Polychlorinated biphenols 2.000 6 4 1 1 1 13 0.546 54.575 0.45 45.43
9334 4 Heptachlor 2.500 3 4 3 0 2 12 0.482 48.227 0.52 51.77
510 1 Arsenic 2.385 5 4 1 0 3 13 0.348 34.763 0.65 65.24
550 1 Lead 2.750 2 4 2 3 1 12 0.512 51.175 0.49 48.82
720 1 Cyanide (as free cyanide) 2.769 3 3 4 0 3 13 0.437 43.652 0.56 56.35
1220 312 Oxygen, Dissolved 1.882 9 5 1 0 2 17 0.513 51.264 0.49 48.74
2100 325 Total Suspended Solids 2.389 5 5 6 0 2 18 0.539 53.879 0.46 46.12
1100 270 Sedimentation/Siltation 2.222 7 5 3 1 2 18 0.483 48.336 0.52 51.66
1710 189 Total Fecal Coliform 2.944 3 4 5 3 3 18 0.501 50.086 0.50 49.91
2210 179 Excess Algal Growth 2.000 4 10 2 1 0 17 0.795 79.469 0.21 20.53
1000 113 pH 2.471 3 5 7 2 0 17 0.664 66.409 0.34 33.59
1320 95 Total Dissolved Solids 3.313 0 3 7 4 2 16 0.674 67.424 0.33 32.58
1300 25 Salinity/TDS/chlorides 2.882 0 7 6 3 1 17 0.689 68.936 0.31 31.06
1900 4 Oil and grease 2.647 4 7 1 1 4 17 0.371 37.097 0.63 62.90
1720 2 Escherichia coli 2.765 4 4 5 0 4 17 0.427 42.693 0.57 57.31
400 1 Non-priority organics 3.615 0 2 3 6 2 13 0.668 66.796 0.33 33.20
9910 363 Total Phosphorus 2.733 2 3 7 3 0 15 0.676 67.599 0.32 32.40
9410 280 PCBs 1.941 7 5 4 1 0 17 0.669 66.862 0.33 33.14
9560 114 Mercury 1.647 8 7 2 0 0 17 0.755 75.525 0.24 24.47
1111 99 Pesticides* 1.706 7 8 2 0 0 17 0.766 76.647 0.23 23.35
9597 8 Silver 3.273 1 1 5 2 2 11 0.592 59.240 0.41 40.76
9591 7 Barium 3.727 1 0 3 4 3 11 0.583 58.311 0.42 41.69
9541 4 Chromium  (total) 3.167 2 0 6 2 2 12 0.578 57.812 0.42 42.19
9580 4 Zinc 3.385 0 1 6 6 0 13 0.774 77.430 0.23 22.57
9596 4 Nickel 3.462 0 1 6 5 1 13 0.734 73.379 0.27 26.62
9520 3 Cadmium 2.923 1 4 3 5 0 13 0.630 63.029 0.37 36.97
9530 3 Copper 3.083 0 2 7 3 0 12 0.812 81.246 0.19 18.75
9510 2 Arsenic 3.077 2 2 5 1 3 13 0.510 50.974 0.49 49.03
9550 2 Lead 2.467 4 4 3 4 0 15 0.549 54.928 0.45 45.07
9594 1 Iron 3.833 0 2 2 4 4 12 0.610 61.011 0.39 38.99
1610 238 Habitat Assessment (Streams) 1.625 10 3 2 1 0 16 0.663 66.299 0.34 33.70
1620 91 Habitat Assessment (Lake) 1.750 7 6 3 0 0 16 0.733 73.267 0.27 26.73
1500 76 Other flow alterations 1.750 7 7 1 1 0 16 0.720 71.988 0.28 28.01
2200 28 Aquatic Plants Native 2.267 2 8 4 1 0 15 0.741 74.113 0.26 25.89
1730 12 Fish Kills 1.750 7 6 3 0 0 16 0.733 73.267 0.27 26.73
2620 12 Non-Native Fish/animals 1.824 7 6 4 0 0 17 0.722 72.185 0.28 27.82
2600 6 Exotic species 1.647 9 5 3 0 0 17 0.721 72.092 0.28 27.91
1600 4 Other habitat alteration 2.000 3 10 1 1 0 15 0.823 82.266 0.18 17.73
1510 3 Fish Barriers 2.714 2 3 6 3 0 14 0.658 65.815 0.34 34.18  
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D 1.2 Revised Rate Counts and Measures of Consensus and Dissention for Public Water Supply 
Cause 
Code
Cause 
Count PUBLIC WATER SUPPLY AVG 1 2 3 4 5 SUM Cns Cns% Dnt Dnt%
595 199 Manganese 3.333 0 3 4 3 2 12 0.617 61.656 0.38 38.34
910 174 Total Phosphorus 3.143 2 3 2 5 2 14 0.477 47.746 0.52 52.25
925 150 Total Nitrogen as N 2.733 3 3 5 3 1 15 0.554 55.420 0.45 44.58
750 50 Sulfates 3.286 0 4 3 6 1 14 0.638 63.796 0.36 36.20
597 45 Silver 3.000 1 3 6 3 1 14 0.679 67.927 0.32 32.07
930 45 Nitrogen, Nitrate 2.188 5 4 6 1 0 16 0.647 64.663 0.35 35.34
3100 27 Atrazine 1.529 10 5 2 0 0 17 0.749 74.862 0.25 25.14
1330 26 Chlorides 2.625 2 4 8 2 0 16 0.698 69.774 0.30 30.23
530 25 Copper 2.800 2 4 5 3 1 15 0.595 59.477 0.41 40.52
580 21 Zinc 3.000 1 4 5 2 2 14 0.608 60.784 0.39 39.22
594 21 Iron 3.071 1 4 5 1 3 14 0.556 55.637 0.44 44.36
560 18 Mercury 1.941 7 7 1 1 1 17 0.622 62.159 0.38 37.84
600 14 Ammonia (Unionized) 2.813 3 3 5 4 1 16 0.555 55.526 0.44 44.47
610 10 Nitrogen, ammonia (Total) 2.563 3 6 3 3 1 16 0.547 54.747 0.45 45.25
596 9 Nickel 2.929 1 4 6 1 2 14 0.630 62.968 0.37 37.03
520 7 Cadmium 2.214 5 4 3 1 1 14 0.539 53.950 0.46 46.05
593 6 Boron 2.923 2 3 3 4 1 13 0.540 54.021 0.46 45.98
800 6 Fluoride 2.714 0 5 8 1 0 14 0.798 79.759 0.20 20.24
41 5 Polychlorinated biphenols 2.000 8 5 2 0 2 17 0.521 52.057 0.48 47.94
9334 4 Heptachlor 2.067 7 3 3 1 1 15 0.519 51.903 0.48 48.10
510 1 Arsenic 1.563 10 4 1 1 0 16 0.697 69.666 0.30 30.33
550 1 Lead 1.733 8 3 4 0 0 15 0.678 67.777 0.32 32.22
720 1 Cyanide (as free cyanide) 2.067 7 4 2 0 2 15 0.479 47.936 0.52 52.06
1220 312 Oxygen, Dissolved 3.375 2 3 2 5 4 16 0.441 44.125 0.56 55.88
2100 325 Total Suspended Solids 2.813 3 2 7 3 1 16 0.599 59.884 0.40 40.12
1100 270 Sedimentation/Siltation 2.750 3 3 6 3 1 16 0.577 57.738 0.42 42.26
1710 189 Total Fecal Coliform 1.765 8 7 1 0 1 17 0.648 64.818 0.35 35.18
2210 179 Excess Algal Growth 2.176 6 4 5 2 0 17 0.606 60.622 0.39 39.38
1000 113 pH 2.938 2 4 4 5 1 16 0.574 57.399 0.43 42.60
1320 95 Total Dissolved Solids 2.800 1 3 9 2 0 15 0.765 76.510 0.23 23.49
1300 25 Salinity/TDS/chlorides 2.563 2 5 7 2 0 16 0.689 68.893 0.31 31.11
1900 4 Oil and grease 2.438 6 3 3 2 2 16 0.413 41.287 0.59 58.71
1720 2 Escherichia coli 1.467 9 5 1 0 0 15 0.777 77.731 0.22 22.27
400 1 Non-priority organics 2.917 1 3 5 2 1 12 0.651 65.064 0.35 34.94
9910 363 Total Phosphorus 3.133 1 4 4 4 2 15 0.571 57.062 0.43 42.94
9410 280 PCBs 1.882 12 0 1 3 1 17 0.398 39.822 0.60 60.18
9560 114 Mercury 1.941 11 1 1 3 1 17 0.415 41.536 0.58 58.46
1111 99 Pesticides* 1.765 12 0 2 3 0 17 0.513 51.290 0.49 48.71
9597 8 Silver 2.846 2 4 2 4 1 13 0.512 51.151 0.49 48.85
9591 7 Barium 2.727 2 5 1 4 2 14 0.442 44.188 0.56 55.81
9541 4 Chromium  (total) 2.364 4 4 1 3 2 14 0.387 38.658 0.61 61.34
9580 4 Zinc 2.818 1 6 1 4 2 14 0.484 48.440 0.52 51.56
9596 4 Nickel 3.000 1 4 2 4 2 13 0.514 51.382 0.49 48.62
9520 3 Cadmium 2.273 6 3 1 3 2 15 0.356 35.592 0.64 64.41
9530 3 Copper 2.800 1 6 2 3 2 14 0.515 51.501 0.48 48.50
9510 2 Arsenic 1.750 7 5 0 3 1 16 0.465 46.528 0.53 53.47
9550 2 Lead 1.833 9 1 2 3 1 16 0.392 39.192 0.61 60.81
9594 1 Iron 3.000 2 2 4 4 2 14 0.536 53.641 0.46 46.36
1610 238 Habitat Assessment (Streams) 2.444 3 2 3 1 4 13 0.268 26.811 0.73 73.19
1620 91 Habitat Assessment (Lake) 2.444 3 2 3 1 4 13 0.268 26.811 0.73 73.19
1500 76 Other flow alterations 2.667 3 1 3 2 4 13 0.293 29.273 0.71 70.73
2200 28 Aquatic Plants Native 2.875 2 2 2 1 5 12 0.286 28.575 0.71 71.42
1730 12 Fish Kills 2.400 3 4 2 0 5 14 0.249 24.898 0.75 75.10
2620 12 Non-Native Fish/animals 3.444 1 2 2 2 6 13 0.408 40.850 0.59 59.15
2600 6 Exotic species 3.333 1 2 2 3 5 13 0.434 43.376 0.57 56.62
1600 4 Other habitat alteration 2.778 2 2 3 2 4 13 0.362 36.161 0.64 63.84
1510 3 Fish Barriers 3.286 1 2 0 3 5 11 0.343 34.278 0.66 65.72  
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